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Gas from Oil: For the South Eastern Gas Board’s high pressure Oil 
Gasification installation, now being built by Woodall-Duckham Construction 
Co. Ltd., Harveys have made and delivered to the Isle of Grain two Absorber 
columns. Each column is 120 ft. long by 9 ft. 4 ins. overall diameter, and weighs 
approximately 100 tons. The columns are Class 1 welded throughout, for 
operation at 300 p.s.i., and are for the high pressure CO, removal plant. 


Harvey Facilities and Products: CLASS I WELDED PRESSURE VESSELS TO LLOYD’S AND 
A.S.M.E. CODES * HEAT TREATMENT AND RADIOGRAPHY - DIE-PRESSED AND ‘ROTAR- 
PREST’ HEADS UP TO I§ FT. DIA.—LARGER SIZES TO SPECIFICATION - FABRICATIONS 
UP TO I20 TONS IN ONE PIECE - STEEL PLATE AND SHEET METALWORK - HEAVY 


MACHINING AND FITTING - PERFORATED METALS » WOVEN WIRE HF/13 








Keeping 
pace with 
an 
expanding 


economy 


An indication of the growing industrial prosperity of the Republic of Ireland, and 
a portent of still greater economic expansion to come, the Whitegate Refinery is 
now approaching its full productive capacity of two million tons a year. 


Whitegate was built at the request of the Irish Government, who realised the 
necessity of providing an adequate supply of oil to keep pace with rapidly-growing 
demands, by a consortium of three companies—the California Texas Oil 
Corporation, the Esso Petroleum Company Ltd., and Shell-Mex & B.P. Ltd. It 
produces premium and regular grades of petrol, tractor oil, jet fuel for aircraft, 
gas oil for industry, various fuel oils, and butane and propane for domestic and 
commercial use. 


We at Kodak are proud to record that the main contractors — The Lummus 
Company Limited — and Tank Erectors Limited, used ‘Kodak’ Industrial X-ray 
Films for weld inspection on every vital pipeline and component at Whitegate. 


“Kodak’ X-ray Films are used to inspect oil installations and pipelines throughout 
the world. They are used by every major contractor on every nuclear power project 
in Great Britain. And they are used by the great majority of foundries producing 
welded fabrications for heavy and ligh.t industry. 


UNIAN 


KODAK INDUSTRIAL X-RAY FILMS 


—first choice of inspection engineers everywhere 


Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 
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THE WELDER’S NOTEBOOK—NO.5 


Welding Titanium and Titanium Alloys 


In the course of extensive research into the properties of titanium, I.C.1. Metals Division has gained 
considerable experience in welding the metal and its alloys. 

At high temperatures, titanium rapidly absorbs embrittling elements such as hydrogen, oxygen, 
nitrogen and carbon. For this reason gas and metal-are welding are not suitable, and inert-gas 
shielded-arc processes must be used. Most experience has so far been gained with tungsten-arc welding. 

Provided that all heated surfaces are adequately shielded, titanium is one of the easiest metals 
to join. Unfilled welds are preferable to filled welds as it is easier to keep them free from contamination; 
the tip of the filler wire, if used, should always be maintained within the argon shield and the wire 
should be fed into the weld pool smoothly. 

To avoid contamination and subsequent embrittlement, filler materials must be free from surface 
oxide and grease. Filler wire of commercial purity titanium, and of I.C.I. Titanium 317 and 230 alloy, 
is manufactured to high standards of quality by I.C.I. Metals Division. As it is always supplied 
descaled and pickled, there is no risk of contamination by the filler material provided that it is 
kept clean. 


oa dapl 
Reminder: As the Commonwealth's largest producer of wrought non-ferrous metals, 


I.C.1. Metals Division has built up exceptional knowledge of welding 
techniques. We specialise in wrought metals and alloys particularly suitable for welding and brazing—and in materials 
for carrying out the various welding techniques. We are always glad to help clients in selecting the most appropriate 
materials and processes. Please send now for our booklet ‘I.C.1. Welding Rods and Brazing Materials’. 





Approximate 
Melting Point 
or Range (°C.) 


Quick delivery 


We make a very large 


Description Size Range Purpose Process | Flux 





L.C.I, Titanium 115 
120 
130 


0.036 in. to j in. diameter, 
in straight lengths or in 
5-20 Ib. coils, depending on 
diameter. (1.C.1. Titanium 
130 also on spools for 
1.G.S.M.A. welding) 


Welding 
Titanium 


Argon 
arc 








L.C.1. Titanium 317 
(5°, aluminium, 
245°. tin) 


4 in. to } in. diameter or 
0.080 in., 0.064 in. or 
0.048 in., in straight 
lengths; or in coils, 3 Ib. 
maximum weight, down to 
0.036 in. 


Welding LC.1. 
Titanium 317 


Argon 
arc 





L.C.1. Titanium 230 


(2° copper) 








ditto 





Welding I.C.1. 
Titanium 230 





Argon 





None 





1610-1640 
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CHEMICAL INDUSTRIES 


LIMITED, 


range of welding and 
brazing rods and orders 


for many standard lines 


can be filled from 
stock. Your nearest 
1L.CA. SALES OFFICE 
will ensure that you get 
prompt delivery of any 
materials ordered. 





LONDON, 


Electrodes 
worthy of the welder 





SEND FOR 
YOUR COPY 
TODAY 











This new edition of the Pocket 
Electrode Guide provides full tech- 
nical information on the complete 
range of AEI electrodes. There are 
over 50 pages of useful facts and 
figures. May we send you a copy? 


Transformer Division 
Heating and Welding Department 


TRAFFORD PARK + MANCHESTER 17 


Associated Electrical Industries Limited 


L/P92 
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A CO2 cylinder of new construction 

is now available. When full with 50 lbs. 
of liquid CO2 it will weigh little more 
than the present full 28 lb. cylinder— 
much easier for handling and storage. 
The cylinder is fitted with a plastic 
syphon tube and used in conjunction 
with the heater, ensures constant 
moisture content throughout 
withdrawal. (In a conventional cylinder 
considerable variation in moisture 
content is inevitable). 

The new 50 Ib. cylinder will be 
specially painted, labelled and handled 
to avoid confusion with other types. 


new 
cylinder— 
specially 
designed 
for arc 
welding 
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Carbon Dioxide 


SUPPLY 


Bulk Liquid and Cylinders 


THE DISTILLERS COMPANY LIMITED - CHEMICAL DIVISION STORAGE 3 
Carbon Dioxide Department - Devonshire House Installation and Maintenance 
Piccadilly - London Wl - MAYfair 8867 


Sales Offices 
Southern Area: Broadway House, The Broadway, Wimbledon SW19. Liberty 4661 
Northern Area: Queens House, Queen Street, Manchester 2, Deansgate 8877 


OCTOBER, 1960 
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Eutectic have specialised in advanced metal-joining techniques 

for more than 50 years, and today the unique “Low Heat Input” 
process enables you to REPAIR WELD - SAVE MORE on your equip- 
ment. Warping, distortion and embrittlement are minimised and long 
lasting repairs are made stronger, faster and more safely with EUTECTIC. 
Read in the new Maintenance Welding Data Book how you can save with 
on-the-spot repairs avoiding costly downtime, and wear-resistant overlays 
which considerably lengthen working life. This fact-crammed 68 page 
book is available free of charge from your local Eutectic technical represen- 
tative. Other services to industry include free technical advice, demon- 
stration, and training schemes. To get your copy fill in the coupon today. 


The world’s leading metal-joining insti- 

tution with plants in London, New York, 

Lausanne, Frankfurt, Paris, Montreal, EUTECTIC-PLEASE SEND 
Johannesburg, Bombay, Melbourne, Free Data Book 

Tokio, Mexico City, Puerto Rico and “pest . 

Sao Paulo. Research Centres in U.S.A. Weld Saving Report 
and Switzerland. Affiliated compames in 

Brussels, Vienna, Caracas, Lima and NAME 


Buenos Aires. Sales and service through- 
out the world. BUSINESS ADDRESS 


EUTECTIC WELDING ALLOYS COMPANY LTD 


NORTH FELTHAM TRADING ESTATE, FELTHAM, MIDDLESEX. Phone: FEL 6571! 
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When the ‘right time’ is essential 


in process cycles 


or welding current duration 


depend on AE I electronic timers 


GENERAL PURPOSE AND PROCESS WORK—TYPE FU 21 
» Available from stock in timing ranges covering 0-5 to 180 seconds 

>» No moving parts in timing circuit 

> Easily arranged to operate in individual control schemes 

> High repetitive accuracy 

> Suitable for 40/60 cycle a.c. supplies of 110, 200/250, or 400/440 volts 


WELDING—TYPE FW 19 


> For control of resistance welding machines 

> Timing range 0-1 to 10 seconds 

> No moving parts 

> Supplied with separate rheostat for remote setting 


> Available from stock for immediate delivery 


Please write for further technical details. 
Our engineers will be pleased to help you with 
your automatic timing problems. 


Associated Electrical Industries Limited 


Electronic Apparatus Division 
NEW PARKS, LEICESTER, ENGLAND 





ASI8S 
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WELDING , 
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Full details of Weldees electrodes 


are given in Publication WA/149, 


a copy of which will be seat on request. 


ELECTRODES 


THE LATEST DEVELOPMENT 
FOR GENERAL PURPOSE 
WELDING 


Cpecia 
designed 
or 


EASY WELDING 
ON MILD STEEL 
IN ANY POSITION 





CONSISTENT RESULTS 
WITH A HIGH RATE 
OF DEPOSITION 


A.C. OR D.C. OPERATION 
WITH WIDE 
CURRENT RANGE 


EACH 


ELECTRODE IN 
‘ENGLISH ELECTRIC’ 


THE 
RANGE 


has been individually developed under stringent laboratory control 
to give the best results on the metal for which it is designed. 


FOR EASE IN WELDING REMEMBER THEM BY NAME 


Choose the special one made for your exact purpose 


FOR WELDING MILD STEEL 
ENROX 


general purpose electrode. 
WELDEES 

for easy welding of mild steel. 
VOHEES 

for all positions, particularly 

vertical and overhead. 
SPEEDEES 

for very rapid downhand welding. 
VERTEES 

for vertical and overhead welds. 
DEEPEES 

for deep penetration. 
PRESSUREES 

for deep groove welding. 
PRESSUREES IP.1 

for fast and easy deep groove 

welding. 
FOR WELDING SPECIAL STEELS 


HERMEES 
for fast welding of high tensile 
steels. 
HERGULEES 35 
low hydrogen electrode for tensile 
strength up to 35 tons P.S.I. 
LOWHEES 
general purpose low hydrogen 
electrodes. 
STAINEES M 


for 18/8/3 stainless steel. 


STAINEES N 


for 18/8 stabilised stainless steel. 


PYRISTEES 1 
for creep resisting steels operating 
at temperatures up to 950°F 
PYRISTEES 2 
for creep resisting steels operating 
at temperatures up to 1050°F. 


FOR WELDING CAST IRON 
CASTEES N 


giving an easily machined weld. 
CASTEES SG 
for spheroidal graphite cast iron. 


FOR HARD SURFACING 


HARDEES 
in grades from 250 to 650 V.P.H. 


MANGANEES R 

for manganese steel. 
FOR GOUGING AND PIERCING 
GROOVEES 


suitable for all metals. 


FOR FILLING 


FILLEREES 
specially for filling cavities in steel 
castings. 


All are quality controlled by welding tests on every batch made. 


LISH BLE (1 0 


welding electrodes A ane 


WELDING ELECTRODE DIVISION WELDING EQUE MENT DIVISION 


Clayton-le-Moors, Accrington. st Lanca <e: Liverpool 10. 
Telephone: Accrington 33241 ~ Tele ephone: intree 3641 
THE ENGLISH ELECTRIC COMPANY LIMITED, English Elect Hotse, Strand, London, “W.C.2, 


WORKS: STAFFORD PRESTON * RUGBY BRADFORD LIVERPOOL *ACCRINGTON. ‘ WAE.29 








takes good care of you 
—with ILFORD Industrial B X-ray film 


High among the priorities of BOAC is safety. Behind the scenes at London 
Airport is some of the world’s finest equipment, operated by highly trained 
personnel to ensure the reliability of every detail that contributes to safe 
operation. 

Where even the smallest foreign particle may imperil life, nothing is left to 
chance. Complex units, such as engine oil coolers which cannot be dis- 
mantled for inspection, are therefore radiographically examined to detect 
accumulations of sludge, metal debris, and carbon particles which would 
spell danger if they circulated in the engine lubrication system. 

For this examination, British Overseas Airways Corporation relies on 
ILFORD Industrial B X-ray film. Ilford has a reputation for reliability. 
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HP 
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MAPEL MEN are skilled in the supervision and inspection 


of welding, using either visual, x-ray, gamma-ray, ultrasonic 


or other non-destructive methods. 





Inspection of steel structures, tanks, pressure vessels, pipe- 
lines, and welded or fabricated equipment, can be undertaken 
to any specification. 


THE WATCHFUL EYE OF MAPEL WELDING 
INSPECTION SERVICE CAN PROTECT You 


World Wide Service 


METAL AND PIPELINE ENDURANCE LTD 


London Road, Woolmer Green, Hertfordshire 
Telephone: Knebworth 3083 Telegrams : Metaldure, Knebworth 


Other Offices at London, Newcast/e-upon-Tyne and Glasgow 





Now available in 90° & 120 cutting widths 


Hancomatics! Today’s finest range of dual carriage oxygen 

profiling machines. In addition to machines with 40” and ...and the NEW 

62” cutting widths, there are now Hancomatics with 90” and ‘ 

120” cutting widths. Hancomatic means top speed, preci- Electronic HANCOLINE 
sion cutting —every time; as clean as nearly 40 years traces from pencil 


specialist experience in cutting can ensure. drawing automatically 


NEW sleek enclosed machine tool appearance, , : 
protecting moving parts from dirt and dust. Cut width compensation —on 


tracer head. 
NEW rigid box construction. racer hea 


NEW electrically operated cutting oxygen valve with * No need for templates. 
instant shut-off. 


NEW tracer head for operation from all types * Equipped with the Hancock 
of template. patented roller drive — no 


wis i aa physical contact between 
* The 120” width machine is Britain’s tracer and drawing. 


largest. A standard machine of this type 


can be equipped for a cutting area of as *% Supremely simple in opera- 
much as 500 square ft. tion. 


The new Hancomatic embodies the best 
principles of oxygen cutting in a hand- 
some, enclosed streamlined machine. 
Take a big step towards streamlining your Send for descriptive leaflet. 
production. Write for details: 


HANCOCK & CO. (Engineers) LTD. 
PROGRESS WAY - CROYDON - SURREY - Telephone: CROydon 1908 


Available with 38”, 60", 90” and 120° 
cutting widths. 
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Regular production includes Lloyds Class 
| Pressure Vessels. 


Special assignments include trunnions for 
the Jodrell Bank telescope; pressure vessels 
and special machines for nuclear power. 


For WELDING 


Robey & Co. Ltd. * P.O. Box 23 * Lincoln 
London Office: 11 Princes St., Hanover Sq., W.1 


OCTOBER, 1960 





a quotation for 


WELDING 


from 


ROBEY 


OF 


LINCOLN 


introduces you to first-class work, 
punctual, early delivery 


and very competitive prices 
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DESCRIPTION OF RESULTS 


METALS NOT GENERALLY SUSCEPTIBLE TO SATIS- 
FACTORY WELDING can be satisfactorily welded by 
the Pulsonic process. Examples are :— 


Spot and seam copper up to .005” 
048" 
010° 
004" 
064" 


Seam magnesium up to .010° 
018” 
036" 
O80" 
048" 


Spot aluminium up to Spot zinc up to 
Spot S.A.P. up to 


Spot Beryllium up to 


Seam aluminium up to 
Spot brass up to 


Spot magnesium up to Spot Zirconium up to 


THE QUALITY OF WELD has significant advantages 
FOR INSTANCE IN REDUCED DEFORMATION—Over 
welds in comparable thicknesses by other methods. 


The examples give an indication of the range within 
which advantageous results are obtained. 


Spot aluminium up to .048” 

Spot stainless steel up to .064” 

Seam stainless steel up to .020” 

Spot Titanium, Nimonic and Monel up to .036” 


COMBINATIONS OF DISSIMILAR METALS can be satis- 
factorily welded. Examples are : 

Spot and seam copper up to .005” to aluminium .005” 
Spot .005” copper to .014” stainless steel 

Spot brass .004” to stainless steel .007” 


METALS OF DISSIMILAR THICKNESSES can be satis- 
factorily welded, for instance : 

.004” stainless steel can be seam welded 

to .75” stainless steel 


THE STRENGTH OF WELD depends on the metal and 
type of joint. In the metals and thicknesses quoted 
above weld strengths of practical engineering value 
are consistently obtainable. Development work is 
extending the range of effective application. Examples 
of weld strengths in particular metals are: 
3 Spots in 1° wide strip (slugs pulled) 
185 Ibs 


005” aluminium to stainless steel 


007" stainless steel 
35 Ibs 
Seam Weld 1” wide strip 

007” stainless steel}—475 Ibs 


020° Mild Steel to .007” stainless steel—$20 Ibs 


SERVICE AT PRESENT AVAILABLE 


The practical value of Pulsonic welds has already 
been established in engineering applications. Each 
new job calls at present for specialist study and, in 
many cases, machine adaptation and the design of 
special equipment or jigs. We have a specialist team 
concentrating on the application of Pulsonic welding 
to customers’ specific requirements, and our Works 
is set up to handle production scale welding contracts 
using this process 


We shall be glad to receive enquiries con- 
cerning the welding of metals of types and 
gauges suggested by the examples quoted 
above, with a view to applying the pulsonic 
process to these problems and to quoting for 


production scale welding contracts. 
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Recent comment in the Technical Press has expressed concern that Britain 
may be lagging in the application of ultrasonic energy to welding problems. 
We wish to make known the service which can now be provided by PULSONIC 


WELDING, a British process offering results strikingly superior in several 


important respects to any known results of other processes. 


WELDING 


We recognise the desirability of making Pulsonic 
equipment available to customers for use on their own 
premises, supported by a technical service from our- 
selves, and we plan to meet this requirement at the 
appropriate time. 


At this stage the fullest advantages of the process will 
be secured for users by concentrating the application of 
Pulsonic Welding in the hands of our specialist team. 
The experience that is being built up in this way is 
leading to rapid improvement in technique and reduc- 
tion in machine cost, which will be of great benefit to 
customers who later wish to use Pulsonic equipment in 


their own works. 


Please address enquiries to: 


THE PULSONIC DIVISION, 


We are working in co-operation with organisations in 
industries having highly specialised requirements on 
programmes of research. 


We wish to acknowledge the help and encouragement 
we have received from the British Welding Research 
Association. 


Pulsonic is a Registered Trade Mark. The process is the subject of 
a series of patents pending in U.K. and all principal countries 


DARCHEM ENGINEERING LIMITED, 
WEST AUCKLAND ROAD, DARLINGTON, COUNTY DURHAM 


Darchem Engineering Limited (formerly The British Refrasil Co. Ltd.) 


is a member of the Darlington Chemicals Group 


OCTOBER, 1960 
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for cutting and profiling 


MILNE ‘VIC’ 


Prepares pipes 
automatically 
Pipe profiling and bevelling 





machine. Automatically prepares 


pipes ready for welding. 


MILNE ‘COMET 


Cuts in every 
direction 


For full information write to:— 


Profiling machine with 


electro-magnetic roller of i ok =. M LN ad 
the elbow arm type ~ — & (Ore) ‘ice 


MILNE ‘CREEPER 


For straight lines 
and circles 
Designed for straight and 
circle cutting with 


forward and reverse motion 
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UGLY DUCKLING! 
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But not an odd one out at Millspaugh. This charging bucket is a typical One of a number of M.S. 
heavy-duty fabrication built by Millspaugh for the Steel Industry. Charging Buchets built recently 
Millspaugh research, Millspaugh know-how, Millspaugh brains and M4 pera Enean 
brawn, producing fabrications to be relied on, are a big part of to-day’s bit Bie... 
industrial scene. 


WELDING AND FABRICATIONS BY 
SHEFFIELD 





MEMBER OF 
MILLSPAUGH LIMITED, ALSING ROAD, SHEFFIELD $8. THE HADFIELDS 


Tel: 42411 (5 lines). Telex. 54-107 GROUP 
LONDON SALES OFFICE : 22 CARLTON HOUSE TERRACE, S.W.1. 
Tel : WHItehall 7107 


LONDON * PARIS ROUEN ’ MONTREAL OWEN SOUND 
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ORDER 
FROM THE 
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Heavy Duty 
PROJECTION WELDER 


100 KVA at 50% 
Duty Cycle to BS 3065 400/440 volts 
> 1-phase, 50 cycles 


Welding Capacity: The table area is 8’x8’ with 
a throat depth of 8” and a maximum piston stroke 
of 3’, giving a gap which is variable from 0-15’. 


Robust Construction: The frame is heavily 
built in order to eliminate deflection due to the 
high pressures used in projection welding. This 
ensures consistently accurate results. 


Precision Head Design: Heavy, vertical vee 
slides accurately guide the ram assembly 
which is coupled to the double-acting air cylin- 
der by a thrust rod which permits easy adjust- 
ment of the table gap. An air regulator and 
pressure gauge permits adjustment of the weld 
pressure up to 3,000 lbs. at 80 P.S.I. line pressure. 
Cushioned head descent avoids premature 
flattening of the projections. 


Bottom Table Assembly: Ofrigidconstruction, 
readily adjustable to accommodate large assem- 
blies whilst remaining in accurate alignment. 


Electrical Sequence: Two conveniently placed 
initiating push buttons permit the choice of 
various operating sequences. A range of elect- 
ronic timers is available up to variable slope 
and multi-heat comprehensive controls for 
difficult materials. 


A wide range of welding equipment is available from miniature bench machines for 


fine wire work and filaments, to air operated machines for spot or seam welding. 


een. ay 
FARADAY WORKS - GT. WEST ROAD 


Siemens-Schuckert BRENTFORD - MIDDLESEX 
(Great Britain) Telephone: ISLeworth 2311 
Ltd 


Grams: Siemensdyn Brentford, Hounslow 
Telex: No: 25337 


BIRMINGHAM: Tel: Midland 8636 MANCHESTER: Tel: Altrincham 2761/2 - SHEFFIELD: Tel: 27218 - WEWCASTLE: Tel: Walisend 623461, 624514 CARDIFF: Tel: Cardif 72094 GLASGOW 
Smees S/0/ 
OCTOBER, 1960 19 





MOBILITY 


& 


SERVICE 


SULLLLL 


COPLEY METAL TESTING itp 


MOBILE X-RAY LABORATORY 
UNIT No 4 


gfe | , 











festructive Examinations in Works and on Sites by 


@ X-ray and Gamma ray 
@ Ultrasonic Flaw Detection 
@ Magnetic and Penetrant Dyes 
@ Leak Detection by Radioactive Isotopes 


COPLEY METAL TESTING LTD. White St., Newcastle-on-Tyne 6 
Tel. 624214666529 
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THE 


INSTITUTE OF WELDING 
54 Princes Gate, London, S.W.7 


COUNCIL and OFFICERS 
PRESIDENTS 
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VICE-PRESIDENTS 


W. BARR, O.B.E. 


H. West 
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W. E. Harriss 


Chairman of Executive Committee: Dr. N. Gross 
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BRITISH WELDING RESEARCH 
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Distribution of Phosphorus and Sulphur 


in Fully Austenitic Stainless Steel Welds 


— 


By S. M. Makin, B.SC.,PH.D., C. B. Alcock, B.SC.,PH.D., D. R. Arkell, L.1.M, 


and P.C.L. Pfeil, B.SC.,PH.D. 


Small additions of radioactive sulphur and phosphorus were made to a 24%, 


21°, Ni stainless steel, which was fabricated into thin sheet. 


Welds were 


examined by autoradiography and metallography. 

The concentration of phosphorus in the middle of the weld zone was measurably 
greater than in the original sheet. This concentration resulted from depletion 
of the first metal to solidify along the sides of the weld. Phosphorus was also 
found to concentrate in the interdendritic regions of a casting of a basically 
similar steel. Phosphorus therefore is important in the hot-cracking of fully 


austenitic stainless steel welds. 


Sulphur, however, was not concentrated preferentially in the weld metal and 
therefore it was concluded that sulphur is not important in the formation of 


cracks observed in these welds. 


cladding materials for fuel elements in nuclear 
reactors has been concentrated on the metallic 
elements and alloys having low capture cross sections 


U= quite recently the search for satisfactory 


for thermal neutrons. Now that higher operating 
temperatures are essential, alloy steels, especially 
those having a high oxidation resistance, are being 
considered for this function, despite their relatively 
high neutron absorption. 

The cladding of a fuel element is made from light- 
gauge tube, and one might reasonably expect that 
welding problems would not be serious. However, 
the service conditions of thermal and stress cycling 
means that the presence of cavities or fine cracks in 
the weld metal could limit the fuel element life and 
add to the costs of power production. 

In a recent review of the literature on the cracking 
of welds in Cr-Ni austenitic steels Borland and 
Younger! indicated, inter alia, that sulphur and phos- 
phorus may be important in the formation of cracks. 


The precise mechanism, however, is not clear. One 
approach to this problem is to investigate any change 
in the distribution of these elements in welded material 
compared with fabricated material. 

Since sulphur and phosphorus both have f-emitting 
radio-isotopes it was decided to study their distribution 
in welds in a stainless steel by autoradiography. The 
experimental procedure was to incorporate the radio- 
active element into a steel billet, which was then arc- 
melted and rolled ; the resultant sheet was then used for 
making butt welds and weld runs. The welds were 
mounted and polished in the conventional metallo- 
graphic manner, and autoradiographs showing the 
distribution of the radio element were obtained. Most 
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of the work has been on 24°, Cr—21°% Ni alloys, but 
a 20°, Cr-20°%, Ni composition, which is less prone to 
sigma embrittlement, has also been used. 


Experiments with Radioactive Sulphur (S*) 


Preparation of the radioactive alloy 

About 30 mg of radiosulphur of specific activity 
about 3 mc/g were mixed with 300 mg of pure iron 
powder in a Pyrex ampoule. The ampoule was eva- 
cuated and then sealed off. The mixed powder was 
gently heated to initiate reaction between the elements, 
and when this ceased the ampoule was placed in a 
muffle furnace for about 8 hr at 400°C. to ensure 
completion of the reaction. A 200 gm cylinder of 
24°, Cr-21°% Ni stainless steel was prepared with a 
} in. dia. hole along its axis for half its length. After 
removal from the ampoule, the powder was poured 
into the hole, which was then closed with a plug made 
from the same steel. 

The sample was melted six times in an argonarc 
furnace with a water-cooled copper hearth, to ensure 
homogeneity of the alloy. The resulting ‘pancake’ was 
hot rolled, using a constant rolling direction, until a 
sheet about 0-13 cm thick was obtained. This was given 
the standard annealing treatment for the parent 
material, i.e., 30 min., 1050°C., quench. 

The composition of the steel was then, nominally, 
Cr 23-7%, Ni 21%, Si 137% Mn 0-81 %, P 0-015 %, 
C 0-08°, with the balance iron. The sulphur deter- 
mined by analysis was 0-035° 

Samples of the sheet were then submitted to argon- 
arc welding to produce (a) a simple melt run; (4) an 
autogenous butt weld; and (c) a melt run terminating 
halfway across the sheet. All of these were made 
under a clamping constraint parallel to the direction 
of welding. A melt run was also made without this 
constraint. All samples showed considerable cracking. 

Pieces containing the welded areas were cut from 
the surrounding material, mounted in Bakelite and 
polished metallographically. The final thickness of the 
weld specimens was about 0-1 cm, the unpolished faces 
still having the normal irregularities of a weld surface. 


Autoradiography 

The energy spectrum of the § rays from the sulphur 
35 isotope has a maximum®* at 0-167 MeV, which 
corresponds to a range in steel of approximately 
0-005 cm. Thus, the resolution of the sulphur auto- 
radiographs was not significantly affected by the 
direct use of the relatively thick welded specimens. 

A fairly high speed emulsion X-ray film was used 
for autoradiographs taken during the preliminary 
investigation, and required exposures of several days. 
Better resolution was obtained by using a slower, finer 
grained film but no new features were revealed. 

Figure | is a typical autoradiograph showing the 
details of the S*® distribution in a weld. 

The sulphur distribution followed the visual appear- 
ance of an etched microstructure of a weld. The dark 
regions down the centre of the autoradiograph, cor- 
responding to the centre of the weld, are the cracks. 
These possibly show up so strongly because of multiple 
scattering of the 8 rays down the inner surfaces of the 
cracks and into the film. There appears to be no 


BRITISH WELDING JOURNAL, OCTOBER 1960 


proms it Well dealt O035% & duoke 
distribution of S* ing 


evidence of concentration of sulphur in the weld 
material as compared with the unwelded matrix. The 
differences in scale and alignment of the S*® rich 
regions between the ‘over-lapping plates’ and the 
matrix material suggests that the former covers that 
part of the sample that was molten during welding. 


Experiments with Radioactive Phosphorus (P**) 


The procedure for making the radiophosphorus- 
bearing alloys was the same in the first instance as that 
for the sulphur alloys, elementary radiophosphorus 
of a specific activity of 1-04 mc/g being used. The final 
phosphorus content of the alloy was found by chemical 
analysis to be 0-033 wt °%%. 

This alloy was more brittle than the sulphur alloy, 
and it was difficult to obtain samples without the 
cracks in the welds spreading right across the speci- 
men. Thus, in only a few instances could samples be 
prepared for autoradiography with both sides of the 
weld still in contact. 


Autoradiography 

The first autoradiographs showed a greater darken- 
ing of the film in the region of the weld as compared 
with the matrix (Fig. 2). Although this suggested a 
concentration of phosphorus in the weld it must be 
remembered that the § radiation of the P® isotope 
Emax= 1°71 MeV) is considerably more penetrating 
than that from S®, and has a range of about 0-1 cm 
in steel. Thus the apparent concentration of phos- 
phorus in the weld might really have resulted from a 
greater metal thickness in this area, a possibility which 
was disproved by comparing the density of the auto- 
radiographs with those of microradiographs of the 
same area. 

Another alloy was made from relatively pure 
materials by melting together iron, chromium, and 
nickel, all of approximately 99-95 °%% purity, to make a 
20° Cr-20°% Ni stainless steel. To 150 g of this melt 
6-5 mg of radiophosphorus of a higher specific 
activity of 770 mc/g were added. This material was 
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2—Autoradiograph of weld containing 0-033°%, S, showing 
distribution of P** 6-4 


then rolled into sheet 0-09 cm thick and a melt run 
was made. A piece including the weld was polished 
down on both sides to give a fimal parallel-sided 
specimen approx. 0-008 cm thick. An autoradiograph 
of this thin section (Fig. 3) showed again the con- 
centration of phosphorus in the weld. This low- 
phosphorus steel was etched electrolytically in a 
solution of 20°, H,SO, in water at 2 V for 2 min, and 
the micrograph shown in Fig. 4 was obtained. The 
central area shows a fine etched structure which 
corresponds to the high-phosphorus area in the auto- 
radiograph. The areas in the autoradiograph which 
are depleted in phosphorus can be related to the first 
material to solidify, i.e., the material immediately 
beside the fine etched area. 


Y 


! 
X Y 


3—Autoradiograph of thin section containing 0-004 %, P, showing 


distribution of P®* along melt run 5 
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Densitometry 

To make a materials balance between the enriched 
and depleted zones of the welded sample, measure- 
ments were made of the optical density of the auto- 
radiograph shown in Fig. 3. The result, shown in 
Fig. 5, indicates that approximately the amount of 
material removed from the depleted zone can be 
accounted for in the enriched zone assuming that the 
section studied is representative. 


Activation analysis 

The phosphorus content of the welded zone of the 
0-033°,, phosphorus 24/21 steel was compared with 
that of the unwelded matrix by neutron activation 
analysis. No absolute determination was made but an 
enrichment of three times was indicated in the welded 
zone; this result is not necessarily typical, for the 
conditions of sampling were not rigorously controlled. 


Metallography 

The experiments described have shown clearly that, 
on the macroscale, phosphorus is enriched in the weld 
material. Experiments were then made to find out if 
phosphorus was redistributed on the microscale in 
stainless steel alloys. 

Some evidence for the presence of a light grey phase 
at isolated places along the cracks in the 24% Cr-21% 
Ni alloy containing 0-033°% phosphorus was found. 
This phase was not found in that part of the steel 
away from the weld. To obtain further evidence it was 
considered necessary to increase the concentration of 
phosphorus above the normal specification, and an 
alloy containing 0-:24°% phosphorus in the same 
composition was made and argonarc melted. A thin 
polished section of this casting, 0-008 cm thick, was 
made and both micrographs and autoradiographs 
were made from the section. These are shown in 
Figs. 6 and 7 respectively. Columnar dendrites can be 
seen at the bottom and an equiaxed region at the top. 
It is clear from comparison of the two figures that on 
the microscale a concentration of phosphorus occurs 


4—Micrograph at Y in Fig. 3, showing difference in structure 
between first metal to solidify and bulk of molten zone 
(etched 20%, H,SO, for 2 min) <27°4 
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of the work has been on 24°, Cr-21°%% Ni alloys, but 
a 20%, Cr-20°%, Ni composition, which is less prone to 
sigma embrittlement, has also been used. 


Experiments with Radioactive Sulphur (S*°) 


Preparation of the radioactive alloy 

About 30 mg of radiosulphur of specific activity 
about 3 mc/g were mixed with 300 mg of pure iron 
powder in a Pyrex ampoule. The ampoule was eva- 
cuated and then sealed off. The mixed powder was 
gently heated to initiate reaction between the elements, 
and when this ceased the ampoule was placed in a 
muffle furnace for about 8 hr at 400°C. to ensure 
completion of the reaction. A 200 gm cylinder of 
24°, Cr-21°% Ni stainless steel was prepared with a 
} in. dia. hole along its axis for half its length. After 
removal from the ampoule, the powder was poured 
into the hole, which was then closed with a plug made 
from the same steel. 

The sample was melted six times in an argonarc 
furnace with a water-cooled copper hearth, to ensure 
homogeneity of the alloy. The resulting ‘pancake’ was 
hot rolled, using a constant rolling direction, until a 
sheet about 0-13 cm thick was obtained. This was given 
the standard annealing treatment for the parent 
material, i.e., 30 min., 1050°C., quench. 

The composition of the steel was then, nominally, 
Cr 23-7%, Ni 21%, Si 1:-37% Mn 0-81%, P 0-015%, 
C 0-08°, with the balance iron. The sulphur deter- 
mined by analysis was 0-035 ° 

Samples of the sheet were then submitted to argon- 
arc welding to produce (a) a simple melt run; (4) an 
autogenous butt weld; and (c) a melt run terminating 
halfway across the sheet. All of these were made 
under a clamping constraint parallel to the direction 
of welding. A melt run was also made without this 
constraint. All samples showed considerable cracking. 

Pieces containing the welded areas were cut from 
the surrounding material, mounted in Bakelite and 
polished metallographically. The final thickness of the 
weld specimens was about 0-1 cm, the unpolished faces 
still having the normal irregularities of a weld surface. 


Autoradiography 

The energy spectrum of the § rays from the sulphur 
35 isotope has a maximum® at 0-167 MeV, which 
corresponds to a range in steel of approximately 
0-005 cm. Thus, the resolution of the sulphur auto- 
radiographs was not significantly affected by the 
direct use of the relatively thick welded specimens. 

A fairly high speed emulsion X-ray film was used 
for autoradiographs taken during the preliminary 
investigation, and required exposures of several days. 
Better resolution was obtained by using a slower, finer 
grained film but no new features were revealed. 

Figure | is a typical autoradiograph showing the 
details of the S®* distribution in a weld. 

The sulphur distribution followed the visual appear- 
ance of an etched microstructure of a weld. The dark 
regions down the centre of the autoradiograph, cor- 
responding to the centre of the weld, are the cracks. 
These possibly show up so strongly because of multiple 
scattering of the 8 rays down the inner surfaces of the 
cracks and into the film. There appears to be no 
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!—Autoradiograph z weld containing 0-035°% S, showing 
distribution of S* 6-4 


evidence of concentration of sulphur in the weld 
material as compared with the unwelded matrix. The 
differences in scale and alignment of the S® rich 
regions between the ‘over-lapping plates’ and the 
matrix material suggests that the former covers that 
part of the sample that was molten during welding. 


Experiments with Radioactive Phosphorus (P*) 


The procedure for making the radiophosphorus- 
bearing alloys was the same in the first instance as that 
for the sulphur alloys, elementary radiophosphorus 
of a specific activity of 1-04 mc/g being used. The final 
phosphorus content of the alloy was found by chemical 
analysis to be 0-033 wt °%. 

This alloy was more brittle than the sulphur alloy, 
and it was difficult to obtain samples without the 
cracks in the welds spreading right across the speci- 
men. Thus, in only a few instances could samples be 
prepared for autoradiography with both sides of the 
weld still in contact. 


Autoradiography 

The first autoradiographs showed a greater darken- 
ing of the film in the region of the weld as compared 
with the matrix (Fig. 2). Although this suggested a 
concentration of phosphorus in the weld it must be 
remembered that the § radiation of the P® isotope 
Emax 1°71 MeV) is considerably more penetrating 
than that from S*, and has a range of about 0-1 cm 
in steel. Thus the apparent concentration of phos- 
phorus in the weld might really have resulted from a 
greater metal thickness in this area, a possibility which 
was disproved by comparing the density of the auto- 
radiographs with those of microradiographs of the 
same area. 

Another alloy was made from relatively pure 
materials by melting together iron, chromium, and 
nickel, all of approximately 99-95 °% purity, to make a 
20% Cr-20°% Ni stainless steel. To 150 g of this melt 
6:5 mg of radiophosphorus of a higher specific 
activity of 770 mc/g were added. This material was 
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Autoradiograph of weld containing 0-033°%, S, showing 
distribution of P** 6°4 


then rolled into sheet 0-09 cm thick and a melt run 
was made. A piece including the weld was polished 
down on both sides to give a fmal parallel-sided 
specimen approx. 0-008 cm thick. An autoradiograph 
of this thin section (Fig. 3) showed again the con- 
centration of phosphorus in the weld. This low- 
phosphorus steel was etched electrolytically in a 
solution of 20°, H,SO, in water at 2 V for 2 min, and 
the micrograph shown in Fig. 4 was obtained. The 
central area shows a fine etched structure which 
corresponds to the high-phosphorus area in the auto- 
radiograph. The areas in the autoradiograph which 
are depleted in phosphorus can be related to the first 
material to solidify, i.e., the material immediately 
beside the fine etched area. 


Y 


X 


3— Autoradiograph of thin section containing 0-004 °%, P, showing 
distribution of P** along melt run : 
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Densitometry 


To make a materials balance between the enriched 
and depleted zones of the welded sample, measure- 
ments were made of the optical density of the auto- 
radiograph shown in Fig. 3. The result, shown in 
Fig. 5, indicates that approximately the amount of 
material removed from the depleted zone can be 
accounted for in the enriched zone assuming that the 
section studied is representative. 


Activation analysis 

The phosphorus content of the welded zone of the 
0-033°, phosphorus 24/21 steel was compared with 
that of the unwelded matrix by neutron activation 
analysis. No absolute determination was made but an 
enrichment of three times was indicated in the welded 
zone; this result is not necessarily typical, for the 
conditions of sampling were not rigorously controlled. 


Metallography 

The experiments described have shown clearly that, 
on the macroscale, phosphorus is enriched in the weld 
material. Experiments were then made to find out if 
phosphorus was redistributed on the microscale in 
stainless steel alloys. 

Some evidence for the presence of a light grey phase 
at isolated places along the cracks in the 24% Cr-21%, 
Ni alloy containing 0-033°, phosphorus was found. 
This phase was not found in that part of the steel 
away from the weld. To obtain further evidence it was 
considered necessary to increase the concentration of 
phosphorus above the normal specification, and an 
alloy containing 0-24°, phosphorus in the same 
composition was made and argonare melted. A thin 
polished section of this casting, 0-008 cm thick, was 
made and both micrographs and autoradiographs 
were made from the section. These are shown in 
Figs. 6 and 7 respectively. Columnar dendrites can be 
seen at the bottom and an equiaxed region at the top. 
It is clear from comparison of the two figures that on 
the microscale a concentration of phosphorus occurs 


4—Micrograph at Y in Fig. 3, showing difference in structure 
between first metal to solidify and bulk of molten zone 
(etched 20°%, H,SO, for 2 min) “27-4 
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in the interdendritic regions. This has previously been 
found in carbon and low-alloy steels.° 

Micrographs from a lightly etched section of this 
material were taken at a higher magnification (Figs. 8 
and 9). Figure 9 strongly suggests that two constituents 
are present in the interdendritic material. One of these 
constituents, the light grey phase, resembles, in appear- 
ance and response to polarized light, the phase present 
in trace amount near the weld in the 0-033°, phos- 
phorus steel 


Discussion 


The present work shows that when a weld in a fully 
austenitic Cr/Ni stainless steel solidifies, the first 
metal to do so is poor in phosphorus. The remaining 
liquid is therefore enriched in phosphorus. Further- 
more, phosphorus can be concentrated between 
dendrites and give low freezing point eutectics. The 
presence of such a constituent is believed to be one 
of the conditions necessary for weld cracking.! 
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Micro-photometer scan across X-X of Fig. . 


6— Micrograph of casting containing 0-24°,, P, showing columnar 
crystals and small equi-axed dendrites (oblique illumination: 
Etched 20”., H,SO, for 30 sec) 14 


7—Autoradiograph of same area as Fig. 6, showing interdendritic 
segregation of P** 14 
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In most of the work an unstabilized commercial-type 
alloy was used, and the minor constituents did not 
prevent segregation of the phosphorus. The work 
gives no evidence regarding the possibility of the seg- 
regation of these constituents themselves nor whether 
they affected the amount of cracking found. 

Since iron, chromium, manganese, and nickel all 
form eutectics with phosphides of the form M,P, a 
eutectic between a y (Fe, Ni, Cr, Mn) solid solution 
and a phosphide of the type (Cr, Mn, Ni, Fe),P of 
comparatively low melting point may reasonably be 
expected theoretically. 

However, the absence of cracks in the weld runs 
of the steel with nominally 0-005°, phosphorus 
cannot be cited as proof that reducing the phosphorus 
content necessarily improves weldability, because this 
experiment was different in several other respects. 
The sheet thickness was considerably less; the steel 
also had a very low carbon content, which has been 


emphasized as a factor affecting hot cracking by 
Russian workers, e.g., Lashgo and Lashgo-Avakyan.* 
On the other hand, the present work on a steel 


containing 0-035°, sulphur and 0-81°, manganese 
gave no indication that the sulphur content was 
responsible for the hot cracking found. 

Since sulphur contents of less than 0-035°% are 
normal and since a manganese content of this order 
can be tolerated in most nuclear applications of stain- 


less steel, work directed towards the behaviour of 


sulphur was discontinued. 

Autoradiography using tracers appears to be a 
useful technique for obtaining evidence on the move- 
ment of elements during welding. If the range of the 
radiation emitted by the radioactive species is large, 
and good resolution is required, thin sections must be 
used. Sections of one or two hundredths of a centi- 
metre can be made by standard techniques,* and by 
applying the thinning techniques associated with 
transmission electron microscopy it may be possible 
to make thinner sections in the future. Possible errors 
also arise if there is lack of homogeneity in the distri- 
bution of the radioactive tracer before welding; and 
it is important to take this into account. Ambiguities 
of interpretation also arise if the material contains 
physical or chemical defects, e.g., blowholes, cavities, 
large inclusions, or segregates. 


Micrograph of casting containing 0-24°., P, showing 
interdendritic constituents (etched 20°, H,SO, for 10 
sec) 1500 


8— Micrograph of casting containing 0- 24°, P, showing 
large amount of interdendritic constituents (etched 
20°, H,SO, for 10 sec) 50 
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Whither Electrode Design? 


The paper considers the reactions in the welding arc and some of the 


By I. C. Fitch, A.M.1.MECH.E., 
M.INST.W. 


problems of measuring them. Progress in the design of alloy steel 
electrodes is considered. The problems of moisture pick-up by low 
hydrogen electrode coatings and future developments of electrodes 
if ’ 


with coatings loaded with alloys and iron powder are discussed. 


progress in manufacturing technique. Most early 

electrode coatings were applied by dipping and 
the popular ones were no doubt those least affected by 
the difficulty of controlling the diameter and con- 
centricity of the coating. Additions of alloys to such 
electrodes tended to settle from the dipping slurry and 
made control of composition most difficult. 

As this method of manufacture was superseded by 
wrapped and extruded coatings control of composition 
and dimensions improved and designers were freed 
from the shackles of the dipping process. 

Experience in the operation of equipment for mak- 
ing fully extruded electrodes has led to a better under- 
standing and control of the variables involved, so that 
production of electrodes with heavy coatings loaded 
with alloys and iron powder has become a practical 
proposition 

As a result of these changes, old problems sometimes 
take on new significance, and this paper re-examines 
some of them to stimulate new thought. 


FE ECTRODE design has been greatly influenced by 


Steelmaking Reactions 


The reactions in the welding arc are similar to those 
in steelmaking, but by comparison with steelmaking 
the volume of metal reacting at any instant is small and 
the slag to metal ratio is high. The reaction time is 
very short but the temperature is high, and it is 
probable that the reactions attain a state akin to 
equilibrium. The state attained produces weld metal 
that is remarkably consistent in its properties when it is 
realized how different are the temperatures of each 
part of the weld pool and that each part will tend to- 
wards a different equilibrium composition. 

Such is the degree of stirring, however, and the 
uniformity of the pattern of change of temperature in 
the pool, that each part receives very similar treatment. 

In steelmaking it is possible to add the refining 
materials in sequence or even to change the slag 
completely. This is a degree of freedom not possible in 





Manuscript received 7th July, 1960. 
Mr. Fitch is in the Heating and Welding Department of the 
Transformer Division of A.E.1. Ltd 588 


welding, so the materials of the core and coating must 
be relatively pure and the reactions limited mainly to 
de-oxidation and the addition of alloys. 


Functions of Welding Slags 


Welding slags are required to perform duties not 
expected of steelmaking slags since they must have the 
right combination of surface tension and viscosity to 
permit proper control of the weld metal and must 
include constituents contributing to the stability of 
the arc. 

Electrode coatings also contain materials that 
generate gases to assist the slag in protecting the metal 
from contamination by nitrogen from the air. 

The gas shield commonly contains a mixture of Hg, 
H,O, CO, and CO,, the constituents of which react 
with the slag and with one another to reach an 
equilibrium whose balance is dependent on tempera- 
ture! (Fig. 1). 

The reactions between gas and slag and slag and 
metal cause a lively exchange of carbon, oxygen, and 
hydrogen, the net result of which is for carbon to be 
lost and for oxygen and hydrogen to go into the metal. 

Not only is there an equilibrium between the gases 
in the gas shield but within the metal a balance is struck 
between the carbon and oxygen such that as one 


H,0+CO = H,+C0, 
YY y, 


1— Reactions in the arc 





increases the other decreases in proportion. When the 
metal solidifies, sufficient manganese must be present 
to ‘lock up’ the oxygen in solution and to combine 
with sulphur to prevent the formation of iron-sulphide 
films at the grain boundaries. 

It is interesting to consider the effect of adding water 
vapour to such a system.” The vapour pressure of the 
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Table I 


Vapour pressure of gas shield constituents 





Equation A: 
B: 


| 


H,.O+CO 

pH,O+ pCo 
pCO, « pH, 
pCo = pH,O 


H,+CO, 
pH,+pCo, 


K (K~0-25) 


Case 1 Case 2 
Steps Total Steps 

0-16 «0-1 * 0-1 «0-16 
queen “95 ° &. 
0-64 «0-1 os sia 0-1 «0-64 
Add 0-1 H,O Add 0-1 H,O 
0-16 x 0-1 0-1 «0-16 
0-64 «0-2 0-1 «0°74 
Correct total 
0-145 « 0-091 0-091 « 0-145 
Rhein ro »> ° 
0-582 0-182 Foirxoen "26 10 
Correct K by adding to items in top line and subtracting 
equally from bottom line 
0-175 «0-121 . 
a tn ar s ‘ 
0552x0192 °> '° 
pH, increases 0-1 to 0-121 


Total 
0-25 1-0 


0-216 1:1 
0-125 1:0 


0-096 « 0-150 0-2 
0-086 «0-668 ~~ 
decreases 0-16 to 0-15 





principal constituents shown in equation A of Table I 
must total one atmosphere, as shown in equation B, 
and the proportions adjust themselves so that equa- 
tion C is satisfied, the value of K being approximately 
0-25 at the temperature of the arc. 

If two cases are considered, the first such as would 
occur in the arc of a low-hydrogen electrode and the 
second appropriate to a class 2xx electrode, it is 
possible to demonstrate that adding water vapour in 
the first case increases the pressure of hydrogen in the 
arc and in the second, contrary to expectations, 
decreases it. 

Step | assumes reasonable values for the partial 
pressures in equation C, such that their total is 1-0 and 
K is 0-25. Step 2 assumes that 0-1 of water vapour is 
added to the system, but since neither equation B nor 
C is then satisfied, step 3 scales down all the values to 
satisfy equation B, and step 4 adjusts the values in the 
top line by adding to each item the same amount as is 
subtracted from the bottom items until equation C is 
once again satisfied. 

That this procedure is valid can be seen if in equa- 
tion A one molecule of H,O is dissociated into H, 
and O. 

The right hand side then gains one molecule of H, 
and the left loses one of H,O. 

The oxygen combines with one molecule of CO to 
produce one more molecule of CO,, so once again the 
left hand side loses one molecule of CO and the right 
gains one of CO,. 

This explains why drying rutile-type electrodes 
sometimes increases the hydrogen content of the weld 
metal they produce. 


Slag Viscosity and Surface Tension 


The viscosity and surface tension of the slag and 
weld metal are dependent on their temperatures. Since 
the temperature ranges from perhaps 3000°C. to less 
than the melting point of the metal over a distance 
that may be less than } in., it is easy to understand 
that the conditions near the arc are very complex, and 
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why no record exists of a successful attempt to 
measure these variables under practical conditions. 

Gledhill measured the viscosity/temperature rela- 
tionship for 75 slags in 1950 under the guidance of the 
FM.5 Committee of B.W.R.A.* This work showed 
that welding slags were generally less viscous than steel- 
making slags and demonstrated the effect on viscosity 
of variations in the composition of these slags. No 
clearly defined correlation was apparent however 
between the viscosity/temperature characteristics of 
these slags and the welding characteristics associated 
with them. Results of similar tests according to 
Hartmann are quoted by Séférian.* 

Several factors come to mind that could not be 
satisfactorily reproduced in these tests and which 
could have had an important effect. Dissolved gases 
have been shown to modify the viscosity of glasses, 
and since slags are glass-like in nature, it is probable 
that the need for protecting the iron crucible from 
oxidation by working in a nitrogen atmosphere 
prevented any attempt to employ the atmosphere that 
would normally be in contact with the slag. An iron 
crucible was-chosen because the slags were likely to 
react with any other crucible into which they were 
placed and iron was the material with which they 
would normally be in contact. 

In the course of the experiments it became clear 
that ilmenite crystallized from ‘some rutile-bearing 
slags as they cooled and had an important effect on 
the results. In practice, the pasty condition of such 
slags as they cool must change their fluidity to a 
marked degree and, since the crystals are likely to be 
oriented, the practical properties of the slag are un- 
likely to agree with those measured in the viscometer. 

In the face of these difficulties it is not surprising 
that trial and error methods continue to be used to 
arrive at a suitable slag performance and that individ- 
ual judgment plays a large part in the determination of 
the performance of new electrodes. 

There is little doubt that a solution of these diffi- 
culties would lead to rapid progress in electrode design. 
Present methods are extremely uneconomical in both 
time and material and often it is impossible to know 
whether real progress is being made or not. 


Alloy Steel Electrodes 


Substantial progress has been made in the tech- 
nique of designing alloy steel electrodes. This has been 
largely due to the finer control of coating size and 
density attained by modern manufacturing methods, 
which make it feasible to control the weld composition 
within limits that are closer than is usual in steel- 
making. To achieve this result all or part of the alloys 
are introduced by incorporating them in the electrode 
coating. 

The success with which alloys may be added is 
dependent on the type of coating and the degree to 
which the alloy combines with the slag or with oxygen, 
or is volatilized by the heat of the arc. The recovery of 
those elements that are readily oxidized or volatilized 
is affected by the arc length to a noticeable degree. 
Basic coatings are generally the most satisfactory for 
producing alloy deposits and Table II gives some idea 
of the recovery that may be expected of the more 
common elements.® 
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Table I 


Transfer efficiencies 





= 35 45° Nb, 
Si, 10-100° Ww, 
Mn, 20— 70°, * 
Fe, 85- 95%, Ti, 
Ni, 50- 95", Zr, 
Cr, 45— 85", Al, 
Mo, 9)-100°, Mg, 


40-50°, 
70-85 °, 
40-60%, 
very low 
very low 
very low 
very low 





Accurate values cannot be given because the re- 
covery of an element may be influenced by the amount 
present or by the presence of other elements. Unless 
account is taken of the loss of iron in the arc it is 
possible to arrive at the conclusion that the recovery of 
some elements is greater than 100°,; but this can be 
true of silicon, which may be reduced from the slag. 


Low-Hydrogen Electrodes 


The technical advantages of a low hydrogen content 
in alloy steel weld metal and even in mild steel under 
conditions of heavy restraint are now well known.*:? 

The practical difficulties entailed in making sure that 
these electrodes are sufficiently dry when they are used 
have proved to be an obstacle to their wider applica- 
tion, and it is felt that discussion of this problem will 
be helpful. 

It is important to understand that low hydrogen 
does not mean hydrogen-free, and that however much 
an electrode is dried some hydrogen will remain 
combined with necessary coating constituents. 

No satisfactory coating binder has been found that 
is free from combined water. Sodium or potassium 
silicates are normally employed for this purpose since 
they can be readily mixed with the powders forming 
the coating, and after baking at temperatures up to 
approximately 450 C. behave very much like glass. 

The employment of glasses with low softening 
temperatures has been proposed as an alternative, but 
oxidation or decomposition of some of the coating 
constituents is likely to occur at temperatures greater 
than 450°C. It is difficult to obtain a satisfactory glass 
bond at this temperature, and unfortunately glasses 
with a low softening temperature tend to adsorb or 
absorb moisture rather easily 


How Much Moisture can be Tolerated? 


It is generally true that the higher the hardness of 
the weld or parent metal the lower must be the hydro- 
gen content if freedom from cracking is to be achieved. 
The tendency to crack is aggravated by restraint, and 
some steel compositions are more prone to crack than 
others of equal hardening potential. The standard of 
dryness that is acceptable for each class of work, 
electrode, and type of steel is a matter on which it is 
difficult to make an authoritative statement since 
there are too many variables to be considered, and it is 
not surprising that electrode makers express divergent 
views on this matter 

The mechanism of drying of electrodes and regain 
of moisture from the atmosphere differs only in degree 
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from one electrode to another, so that it is possible to 
bring out the important points without reference to 
particular electrodes. 


Baking Low-Hydrogen Electrodes 


A large part of the water in the binders may be 
removed by baking at temperatures around 100 C. but 
some remains in combination and requires higher 
temperatures for its removal. 

After baking at 200°C. very little moisture remains 
but further amounts that can be important in critical 
circumstances may be removed by baking at tempera- 
tures up to 450°C. (Fig. 2). 

Beyond this temperature iron powder or alloys in 
the coating begin to oxidize, and at 500°C. calcium 





MOISTURE LOSS, % 
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2— Moisture loss on drying low-hydrogen coatings 
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carbonate starts to decompose. The final evolution of 
moisture from the binders takes place at still higher 
temperatures and it is clearly not practicable to remove 
this residual moisture. 

To facilitate manufacture, other materials contain- 
ing hydrogen may be added to the coating but these 
are removed by the baking and present no subsequent 
problem as does the moisture picked up by the coating 
from the atmosphere. 

To keep the pick-up to a minimum the binder 
content may be kept low but this method has the dis- 
advantage that the resulting coating may be very 
fragile. 


Moisture Regain 


After an electrode has been baked it contains less 
moisture than it would if it were in equilibrium with 
the atmosphere. 

As soon as the coating has cooled, moisture will 
begin to recombine with the binder but the rate at 
which this takes place is dependent on the type of 
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binder, the permeability of the coating, and the relative 
humidity of the atmosphere. 

Pick-up can therefore be prevented by packing the 
electrodes in a hermetically sealed container. This 
protection, however, only lasts as long as the container 
remains unopened or until it is punctured. The high 
cost of containers and the need for protection after the 
containers have been opened has led to the general 
practice of rebaking the electrodes shortly before they 
are used. 

If they are used before they have cooled completely, 
it is easy to tell that they are freshly baked because 
they are warm to the touch. When they are cold one 
cannot tell how long they have been cold. Once they 
have cooled, moisture pick-up proceeds first of all 
fairly rapidly and then at a decreasing rate for a very 
long time, as may be seen from Fig. 3. 
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Rod A. Drying over CaCl, 
/ a room temperature 


A 


<---> 


33% at 
350 hr 7 


Rod B. Baked 350°C 
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3— Moisture regain at 86°. relative humidity and 30°C 











It is interesting to note that the initial rate of pick-up 
is no guide to the ultimate rate. In the examples 


chosen the electrode with the slowest initial rate of 


pick-up has gained the most after 500 hr. 

A further point of interest is that baking rod B at 
450°C. reduced the rate of pick-up by comparison 
with the same electrode baked at 350°C. For practical 
purposes the pick-up in the first few hours is more 
important than the ultimate pick-up. 

The baking of small quantities is a nuisance, but 
where a continuous supply is needed it is usual to bake 
fairly large quantities and then to store them in an 
oven at about 100°C. until they are required. When the 
point of use is not near the storage oven, the electrodes 
are taken to the job in a heated quiver. 

It is possible to keep electrodes dry by storing them 
in a box containing a material such as calcium chloride, 
silica-gel, or activated alumina to keep the air dry, but 
it is not easy to tell whether electrodes stored in this 
manner have been protected continuously since they 
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were baked. Electrodes that have become damp and 
are then placed in a dry atmosphere will dry quickly 
but incompletely. Some moisture that remains in 
combination can be removed only by raising the 
temperature of the electrode. 


Iron Powder Electrodes 


The advantages in ease of operation that may be 
gained by applying a heavy coating to an electrode 
have been known for many years but unfortunately 
early electrodes made in this manner produced far too 
much slag for satisfactory control of the weld metal. 
During recent years part of the coating has been 
replaced by metal powders and substantial advantages 
in both ease of operation and in control have resulted. 
Early electrodes of this type were designed primarily to 
achieve high welding speeds, but recently more atten- 
tion has been devoted to producing types with greater 
flexibility of operation. 

Whereas it has been customary for many years to 
add small proportions of alloying elements to electrode 
coatings to modify the weld metal composition, the 
types of coating found suitable for iron powder 
electrodes have made it possible to produce alloy steel 
weld metal deposits from electrodes in which all the 
alloy constituents are in the coating and in which the 
coating may even contain additional iron in the form 
of powder to render its operating characteristics more 
favourable. It thus becomes possible in many instances 
to dispense with the use of alloy core wires entirely. It 
is practicable to produce, for example, 14° Mn steel 
deposits or 18/8 stainless steel deposits from electrodes 
in which all the alloys are in the coating. It would be 
foolish to pretend that such electrodes will eliminate 
the need for electrodes with alloy steel core wires, 
since there is some risk that portions of the deposit 
may deviate from their correct composition should an 
electrode be used with a damaged coating. Electrodes 
of this type are however substantially cheaper to 
produce, and for many purposes would be entirely 
satisfactory. They therefore offer an attractive altern- 
ative to the more conventional type of electrode. 

In electrodes of this type full advantage can be taken 
of the excellent metallurgical qualities of basic coat- 
ings because electrodes so constructed have greatly 
improved operating characteristics by comparison 
with conventional basic-coated electrodes. These 
electrodes offer the interesting possibility that the 
composition of the weld metal may be controlled to a 
higher degree of accuracy than that of the steel for 
which they are intended to weld. It is difficult to 
indicate what degree of variation of weld metal 
composition would occur in practice when all the 
possible variables have been taken into account, but 
it would seem that the composition could be kept 
within +5°, of the nominal amount of the element, 
with the possible exception of a few elements which are 
easily lost in transfer through the arc and which would 
therefore prove to be unduly sensitive to variations in 
the welding conditions. 

The main cause of variations in weld metal composi- 
tion is the arc length, but since these electrodes can be 
employed with a touch welding technique, the chance 
of an incorrect arc length is greatly reduced. 
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some extent, by the greater difficulty of controlling 
the diameter during manufacture. 


Effective Size of Electrode 


A problem to which no satisfactory solution has yet 
been found arises when comparisons need to be made 
between iron powder electrodes and conventional types. 
Comparisons often require that the size of electrode be 
stated, and it has been convenient in the past to quote 
the core wire size. This measure has little meaning 
when there may be as much metal in the coating as 
half the weight of core wire. In such circumstances the 
electrode will be effectively more than one size larger 
than is indicated by its core wire size (Fig. 5). 

Both the welding current and weight of deposit per 
foot of electrode are related to the effective size, and 
since the optimum design differs widely according to 
the type of coating a measure of size in terms of 
pounds per 1000 ft, though not a perfect measure, 
would have more meaning than gauge size. 

Electrode sizes might then be given in the following 
way: 


Present size Suggested nominal size 
2g size 40 (Ib; 1000 ft) or 60 (g metre) 
10g 60 


Iron powder 
type 


~E2XX type 


Sg 
6g 
4g 


] 


2 in 


¢ in. 
ts in. 


90 
125 
180 
210 
325 
450 


135 
180 
270 
310 
500 
700 


4G y He 
006 O08 O1 


I2G10G 8G 6G 
002 004 


. 
ORE DIA in)‘ 








5—Relationship between core wire size and weight of electrode 


Figure 4 shows the dependence of weld metal 
composition on control of the coating size for differ- 
ent ratios of coating to core-wire diameter. The 
advantage in this respect of electrodes with high coat- 
ing/diameter ratios is obvious, though it is offset, to 


It is proposed that for easy reference electrodes with 
weights between say 75 and 110 1b/1000 ft should be 
referred to as 90 lb electrodes and so on. If the true 
weight were known it would then be easy to see to 
what extent the true size deviated from the nominal. 

Such a scheme would enable iron powder types of 
electrode to be fitted in without the uncertainty that 
prevails at present, and it is suggested that serious 
thought be given to this question. 
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Welding Metallurgy of the 
Nimonic Alloys 


By J. Hinde, F.1.M., M.INST.W. and D. R. Thorneycroft, B.SC., A.1.M., M.INST.W. 


The constitution and physical properties of alloys of the Nimonic and Nimocast 
series are discussed in relation to their influence on welding characteristics. 

Effects of the solution and precipitation-hardening heat-treatments used to 
develop optimum high-temperature properties are correlated with the behaviour 
of the respective materials under the thermal conditions imposed by welding. 
The mechanical properties of the parent metals and of the welded joints are 
described, with particular reference to the effects of the various temperatures 
attained by the weld itself and by adjacent heat-affected zones. Welding pro- 
cedures are recommended for both wrought and cast nickel-base high-tem- 
perature alloys. 

Brazing techniques and materials are also considered, including the possi- 
bility of combining the brazing operation with thermal hardening treatments 
required for certain alloys. 


Introduction 


HE development of the gas-turbine engine for 
aircraft propulsion was accompanied by the need 
for materials to withstand the severe operating 
conditions created by high inlet gas temperatures and 
high centrifugal stresses in rotors. During the early 
development stages, the modified Cr—Ni austenitic 
stainless steels were utilized primarily for rotor blades 
on account of their creep- and corrosion-resistance, 
but in 1941 the introduction of the first of the Nimonic 
series of wrought Ni-base, creep-resisting alloys 
provided materials of construction with superior 
properties at elevated temperatures. The development 
of these alloys from an 80°, Ni-20°% Cr alloy has 


been reviewed by Betteridge.'! Whilst the first alloy of 


the wrought series, Nimonic 75, was essentially the 
original 80/20 Ni-Cr alloy strengthened by a small 
addition of titanium, succeeding alloys were more 
complex in composition, and incorporated alloying 
additions of aluminium, cobalt, molybdenum and 
other minor elements as a means of improving fiigh- 
temperature properties. Complementary to the 
wrought materials are the alloys of the Nimocast 
series, which were developed in recent years for 
applications involving the use of cast forms.* Table I 
summarizes the main compositional features of the 
two groups of alloys of current interest, while Fig. | 
indicates the progressive improvement over the years 
in the high-temperature strength of the Ni-base alloys. 

The high-temperature strength of the first alloy, 
Nimonic 75, has been substantially exceeded by that 
of the more highly-alloyed derivatives, but this 
Ni-Cr alloy has become a standard material for gas- 


turbine flame tubes in the United Kingdom. The 
alloy’s high degree of scaling resistance and the sub- 
stantial degree to which it retains its mechanical 
properties at high temperatures, have resulted, more- 
over, in its adoption for a number of engineering 
applications other than in the gas turbine. Attractive 
features of the alloy are that it can be readily formed by 
spinning, pressing, or rolling processes, and, moreover, 
that welding by all conventional methods offers no 
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Table I 


The Nimonic and Nimocast high-temperature creep-resistant alloys* 





Wrought alloys 
Nominal Composition, ° 

Nimonic¢ 75 380A 90 
( 0-08-0-15 0-! max 0-13 max 
Fe 5-0 max 5-0 max 5-0 max 
Cr 18-21 18-21 18-21 
Ti 0-2-0°6 1:8-2-7 1-8-3-0 
Al 0-5-1°8 0-8-2-0 
Co 2-0 max 15-21 
Mo 
Ni Substantially balance 


Casting alloys 
Nimocast 75 80 


( 0-07-0-15 0-03-0-13 
Si 0-2-0°8 0-2-0°8 
Mn 0-2-0-7 0-2-0-7 
Fe 5-0 max 5-0 max 
Cr 18-0-22-0 18-0-22-0 
Ti 0-3-0-6 2:2-2°6 
Al 0-1-0-4 1-0-1-4 


© 


242 258 
0:27-0:40 0:17-0:24 
Si+ Mn 0-10-0-45 
1-O max 
1-0 max 

18-0-23-0 
0-3 max. 
0-2 max 


713€ 


0-08—0-20 
1-0 max 
1-0 max 
5-0 max 
11-0-14-0 
0-25-1-25 
5-5-6°5 
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Co 3-0 max 3-0 max 
Mo 
Other elements 


Ni Substantially balance 
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11-0 *£9-5° 1: 3-5-5-5 
1-0 -3-O Nb+ Ta 
0-05-0-15 Zr 
0-005-0-015 B 





* Nimonic and Nimocast are trade names 


problems if the correct techniques are used. Nimonic 
75, Nimocast 75, and Nimocast 242 do not normally 
require a heat-treatment to develop their high- 
temperature properties, whereas the remaining alloys 
of the series are subjected to solution- and precipita- 
tion-hardening treatments to obtain the higher creep 
strengths associated with the more complex composi- 
tions. 

The heat-treatable alloys are characterized by the 
presence of relatively large amounts of titanium and 
aluminium (Table 1), which combine with nickel to 
form a precipitation-hardening compound. Such 
composition, however, generally renders the heat- 
treatable alloys more difficult to weld by fusion weld- 
ing processes, and it is recognized that welds should 
preferably be made in material in the soft condition 
resulting from appropriate solution or annealing 
treatments. Optimum properties are attained in the 
joint only be applying post-weld heat-treatment, 
as will be discussed in a later section of the paper. 

Despite the complexity of their compositions, the 
heat-treatable alloys have been satisfactorily welded, 
particularly wrought Nimonic 80A and Nimonic 90, 
by resistance-spot and -seam welding processes, by 
flash-butt welding, and by the argon-shielded processes. 
The use of these processes in the welding of Nimonic 
alloys for gas-turbine assemblies has been described 
by Levick,* and many elegant welding operations, 
typical of those which have been applied to the 
Nimonic alloys, are illustrated by Sandiford* in a 
review of mechanized welding developments in the 
aero-engine industry. The majority of the welding 
operations described by these authors are on com- 
ponents fabricated from sheet (commonly of the 
Nimonic 75 and Nimonic 80A alloys) usually thinner 
than »* in.: heavier sections have, however, also been 


satisfactorily welded, as in the production of Nimonic 
80A gas-turbine rings, by the flash-butt process. It 
should be emphasized that most of the Nimonic 
alloys were developed primarily for gas-turbine 
blading, and not until their use was extended to other 
components of the turbine did the need arise for 
welding them in sheet, bar, or cast form. As a 
result of new developments in other branches of 
engineering, in which advantage has been taken of 
the unique high-temperature properties of the Nimonic 
alloys, the alloys have now to be welded (in the 
fabrication of industrial heat-treatment plant, and of 
steam plant) in relatively thick sections of plate, 
tubing, and piping. For these applications, special 
attention has been given to the welding response, in 
particular to that of Nimonic 80A and Nimonic 90 
and the corresponding casting alloys. 

Techniques and brazing alloys are now available° 
whereby Nimonic alloys can in various forms be 
assembled more advantageously by brazing procedures 
than by fusion welding. A significant metallurgical 
factor affecting the success of the brazing operation is 
the surface condition of the alloy, primarily with 
respect to freedom from oxide films. Brazing tempera- 
tures are generally higher than 1000°C., so that the 
heat-treatable alloys will be affected by the thermal 
cycle of the brazing operation. 


Welding Metallurgy 
Physical properties 
Melting ranges for several of the alloys are listed in 
Table II, from which it is seen that heating at the weld 
interface, in full-fusion-welding operations, will be to 
temperatures of at least 1340°C., although lower 
temperatures will be attained at positions within the 
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2—Macrostructure of Nimonic 75 weld, showing heat-affected 

zones at sides of weld 8 
heat-affected zone of the parent material adjacent to 
the fusion weld. Thickness of section, welding pro- 
cess, the integrated effects on the thermal input of 
welding speed, welding current, and other welding 
conditions, and the thermal conductivity and electrical 
resistivity of the alloy are several of the many factors 
which combine to govern the width of the heat-affected 
zone. (Figure 2 illustrates this zone in a Nimonic 75 
weld.) As with any group of alloys, physical properties 
are among the factors which govern welding charac- 
teristics. The average physical constants of the Ni- 
monic alloys (included in Table Il) show no marked 
differences among the various alloys of the series. A 
recent publication presents the welding characteristics 
of some of the Nimonic alloys, in terms of practical 
conditions for making sound joints.® 


Constitution and structure 

Information on these factors has been gained during 
the development of the wrought alloys, but the basic 
principles will apply equally to the corresponding 
casting alloys. 


= 


Nimonic 75 Ni-—Cr-alloy) 


Nimonic 75 exhibits the simplest constitution, con- 
taining principally nickel, with additions of 20°, Cr, 
0-3°% Ti, and about 0-1°, C. Chromium carbide is 
precipitated from the Ni-Cr matrix after solution- 
treating at 1225°C. and ageing for several hours at 
temperatures between 750° and 1000°C. A small 
increase in hardness is obtained by this treatment, but 
the alloy is not normally regarded as precipitation- 
hardening, and for practical purposes is considered to 
consist of a uniform solid solution of chromium in 
nickel, characterized by the face-centred-cubic struc- 
ture of the y-phase (Fig. 3). As would be expected, the 
alloy is relatively insensitive to the thermal effect of a 
welding or brazing operation, the only changes that 
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occur in the heat-affected zone being a slight coarsen- 
ing of the grains and a small decrease in hardness. 
There are, therefore, no metallurgical reasons for 
post-weld heat-treatment. 

The recommended weld metals for argonarc and 
metal-are joints also contain approximately 80° Ni, 
20°, Cr, and in stress-rupture tests, for example, the 
strength of the joint is comparable with that of the 
annealed Nimonic 75 alloy.’ Figure 4 illustrates 
rupture at 750°C. in a Nimonic 75 test-piece, where 
the 80/20 Ni-Cr weld metal is obviously stronger than 


4—Position of fracture in welded Nimonic 75 sheet, after stress- 
rupture testing at 750°C. x1] 


Table Il 


Physical properties of some Nimonic alloys 





Property 


75 80A 
1360 to 1390 
0-103 


1390 to 1420 
0-110 


Melting range, °C. 
Specific Heat, cal/g/°C. (20-100°C.) 
Thermal Conductivity, J cm.sec. °C. 
at 50°C. 
at 800°C. 
Electrical Resistivity, «Q. cm, at 20°C. 


0-132 
0-260 
109 


0-114 0-121 
0-255 0-253 
124 115 


Nimonic Alloy Nimocast Alloy 


105 75 90 
1340 to 1380 c.1410 — ¢.1380 
0-11 - ° 


90 
1360 to 1390 
0-110 


0-108 ° ° 
0-230 
130 . 





* nct determined. 
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the adjacent alloy. This feature is attributed to the 
slightly higher carbon content (approx. 0:2% C) of 
the weld deposit, associated with the special argonarc 
filler wire,* and leading to carbide precipitation during 
the stress-rupture test.’ 

Nimonic 80A and 90 (Complex Ni-Cr-base alloys) 


Constitutional studies of these alloys provided an 
understanding of the fundamental behaviour of all the 
heat-treatable alloys of the series. 

The comprehensive studies of Taylor and Floyd* 
established that the compound of the type Ni, (Ti, Al) 
designated y’ is the precipitating phase that causes 
hardening in the 80/20 Ni-Cr-base alloys contain- 
ing significant amounts of these elements. The rele- 
vant pseudo-ternary diagram derived by these 


Ni, Ti 
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6—Solubilities of titanium and aluminium in 80° Ni, 
20°, Cr (Nimonic 80A) and 60° Ni, 20° Co, 
20°, Cr (Nimonic 90) alloys 
(Ti/Al ratio 2:1) 
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investigators of cobalt-free alloys, showing the ex- 
tent of various phase fields in equilibrium at 750°C., 
is reproduced in Fig. 5. The Nimonic 80A composition 
is also indicated on this diagram. The y’ compound is 
completely dissolved in the matrix at temperatures 
above about 875°C., but re-precipitates as a result of 
appropriate heating at lower temperatures. The 
preferred Ti and Al contents of Nimonic 80A and 90 
are in the ratio 2:1; the solid solubility limits for these 
elements, which have been accurately determined by 
metallographic studies, are compared in Fig. 6, which 
shows that the solubility of the hardening phase is 
more restricted in the Co-bearing alloy. Betteridge and 
Franklin® have established that the precipitation of 
chromium carbide, predominantly at grain bound- 
aries, is also an essential structural feature which, 
associated with appropriate solution and age-harden- 
ing treatments, contributes to optimum creep proper- 
ties. Solution of carbide occurs at temperatures 
considerably higher than the solution temperatures 
for the Ni, (Ti, Al) compound; most of the carbide is 
in solution at 1200°C. and is precipitated at tempera- 


* BS.2901. Part 1:1957. Filler wire NA.34 
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Pseudo-ternary phase diagram for nickel-chromium 
titanium-aluminium alloys. Isothermal section at 
750°C. 


tures below 1150°C. Solution-treatment for 8 hr at 
1080°C., followed by air-cooling and by age-hardening 
for 16 hr at 700°C., was finally selected as the heat- 
treatment giving the best combination of creep 
properties, although variants have been developed to 
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Precipitation-hardening in Nimonic 80A at various tempera- 
tures; after solution treatment at 1080°C. 
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modify properties in relation to the requirements of 


specific applications.’° The age-hardening character- 
istics of the Nimonic 80A alloy are summarized in the 
series of hardness curves reproduced in Fig. 7. 

It would appear from these heat-treatment data that 
the rates of solution and precipitation are relatively 
slow, but detailed studies have revealed that solution 


and precipitation may start within a few seconds of 


heating to certain temperatures, a finding which is con- 
firmed by observations made on the structure of heat- 
affected zones in welds. 

Clearly, in a full-fusion welding operation, a narrow 
zone of the parent material is heated to temperatures 
between ambient and the melting point of the alloy. 
Thus, in this way, a heat-treatable alloy such as 
Nimonic 80A or Nimonic 90 will be subjected to a 
variety of heat-treatments and structural changes. 
Some aspects of these changes are considered below. 


Effects of Welding 

Nimonic 80A and Nimonic 90 

A single-run butt weld is commonly produced in 
the welding of Nimonic 80A alloy components made 
from sheet material. Thus, Fig. 8 illustrates typical 
microstructures at different positions in an argonarc 
weld. The Nimonic 80A weld deposit is characterized 
by a columnar grain structure (Fig. 8a), in which 
only a few precipitated particles, possibly of carbide, 
are visible, whilst in the heat-affected zone immedi- 
ately adjacent to the weld (Fig. 84) all precipitates, 
even the carbides, have been dissolved, indicating that 


this zone has been heated to at least 1200°C. during 
the welding operation. Remote from the weld (Fig. 8c) 
the characteristic structure of the sheet is unaffected by 
welding. The weld and heat-affected zone structures 
have been found to exhibit relatively poor high- 
temperature properties in Nimonic 80A and Nimonic 
90 in the as-welded condition. Stress-rupture data at 


750°C., reproduced in Fig. 9, illustrate this effect, and 
also show that properties are restored by post-weld 


(a) 


Comparison between weld 
process: (a) Nimonic 80A weid; (b) heat-affected 
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MATERIAL and ——NIMONIC 
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9—Effect of welding and post-weld heat-treatment on the stress- 
rupture properties of Nimonic 80A and 90 sheet 


heat-treatment involving heating at 1050°C., air- 
cooling, and finally, the customary age-hardening treat- 
ment at 700°C. It is deduced from these observations 
that controlled solution treatment after welding is 
necessary to remove unfavourable structures induced 
by the heating and cooling cycles of the welding 
operation. 

A further problem was encountered in making butt 
welds by argon-shielded processes in relatively thick 
sections of Nimonic 80A and Nimonic 90. Inter- 
granular cracking occurred in the heat-affected zone, 
normal to the weld interface, in a region where the 
temperature probably exceeded 1200°C. as heat flowed 
from the weld. From the position and nature of the 
cracking (Fig. 10) it was deduced that the alloy was 
hot-short under severe restraint (i.e., under the con- 
ditions present in thick, tied joints). To withstand these 
conditions, a weldable grade of the material was pro- 
duced by slightly modifying the composition in respect 


(c) 


zone structures and material remote from the weld in Nimonic 80A sheet, welded by the argonarc 
zone; (c) zone remote from weld 
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10—Cracking in heat-affected zone of Nimonic 90 plate, re- 
strained during the production of a multi-run butt-weld 40 


of minor elements, although basic creep properties 
were slightly impaired. The results of rapid tensile 
tests at high temperatures demonstrated that the 
grades with improved weldability also exhibited greater 
ductility at temperatures near the nominal melting 
point. This characteristic is illustrated in the curves of 
Fig. 11. In the tensile tests, small cylindrical samples 
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8 hr at 1080°C., A.C., plus 16 hr at 700°C.—Unwelded 
—X—— 8 hr at 1080°C., A.C.-Welded 
—A— 8 hr at 1080°C., A.C.,-Welded-8 hr at 1080°C., 

A.C., plus 16 hr at 700°C 


12—Jnfluence of welding and post-weld heat-treatment on stress- 
rupture strength of multi-run butt weld in Nimonic 90 plate 


were heated rapidly by electrical resistance heating, 
and tensile strain was applied within a few seconds of 
reaching the test temperature. Such conditions of 
rapid heating and straining resemble those likely to be 
present at certain stages of welding, particularly in 
thick, tied joints. Rapid failure, with little reduction in 
the cross-sectional area of the tensile test piece indi- 
cated poor cohesion or ‘hot-shortness’ in the structure. 
As indicated in Fig. 11, hot-shortness was encountered 
over a wider temperature range in material of un- 
modified composition—a feature which might explain 
the sensitivity to hot-cracking found in the heat- 
affected zones of welds. No abnormal microstructural 
feature was found to account for this extension of the 
hot-shortness temperature range. 

Stress-rupture tests on multi-run welds in ? in. 
thick plate of the modified Nimonic 90 alloy, made by 
the argon-shielded, metal-arc process with filler wire 
of matching composition, provided additional evidence 
that the high-temperature strength of the as-welded 
joint is substantially lower than that of the conven- 
tionally heat-treated, unwelded alloy. Relevant stress- 
rupture data, reproduced graphically in Fig. 12, 
exemplify the considerable improvement in strength 
obtained by post-weld heat-treatment involving con- 
ventional solution and precipitation-hardening treat- 
ments. The interesting feature was that in most tests 
on the thick-section welds failure was in the weld 
metal, whereas in the tests on sheet samples, described 
earlier, failure was generally in the heat-affected zone 
of the fully heat-treated welds. 

In multi-run welds, therefore, it appears that the cast 
structure of the weld limits the strength of the joint. To 
obtain further information on this phenomenon a 
multi-run weld was made in a Nimocast 90 casting 
using Nimonic 90 filler wire, and was subjected to 
stress-rupture tests after a full post-weld heat-treat- 
ment. Failure occurred consistently in the weld metal: 
the microstructure of a section through one of the 
broken test pieces is reproduced in Fig. 13, and shows 
the two forms of cast structure. The cause of the 
relative weakness of the weld structure is the subject 
of current research. 

By means of flash-butt welding, welds in Nimonic 


Comparison between cast structures of Nimonic 90 weld 
metal and Nimocast 90 casting in a multi-run butt-weld made 
by the argonarc process 10 
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14—Flash-butt weld in Nimonic 90 bar: (a) Macrostructure 
( x 34); (b) as-welded, and after treatment at 700°C. ( « 500); 
(c) after heat treatment at 1080°C. and 700°C. ( x 500) 


80A and Nimonic 90 were obtained, which while 
exhibiting heat-affected zones, did not have cast 
weld structures and which, therefore, permitted study 


of the effect of heat-treatment on the properties of 


these zones, without interference from weld metal." 
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In flash-butt welding, the highest temperature, at the 
interface, is close to the melting point of the alloy, and 
the welds are characterized by a wide, heat-affected 
zone on either side of the junction.’ Figure 14a 
shows this feature in a welded Nimonic 90 bar. Con- 
siderable hot-working is involved at the upset stage of 
producing the weld: Fig. 14 shows the fine-grained 
structure produced near the weld junction by this 
operation—no cast structure is present. Grain growth 
occurs in this region after a post-weld heat-treatment 
at 1080°C. (Fig. 14c), so that the final grain-size is 
similar to that of the unwelded alloy. Such grain 
growth is in accord with the established character- 
istics of the alloy, as is demonstrated by the grain- 
coarsening/temperature curve reproduced in Fig. 15. 


- 


L 
SOLUTION TEMPERATURE ~ 
15—Schematic diagram showing variation of grain 
Nimonic 90 with solution-treatment 


size of 


This grain-size/temperature relationship also accounts 
for the grain-coarsening normally encountered ad- 
jacent to arc welds, and indicates the high temperatures 
reached in the heat-affected zone. 

The effects of deformation and welding heat are 
seen also in the hardness changes that occur in the 
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16—Hardness traverse curves for Nimonic 80A flash-butt welds, 
as-welded and after heat-treatment 
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weld zone. Typical hardness-traverse curves, repro- 
duced in Fig. 16 for flash-butt welds in Nimonic 80A 
bar, which had been solution-treated before welding 
and given various heat-treatments after welding, con- 
firm the microstructural evidence that welding disturbs 
the structure of the alloy. Stress-rupture data obtained 
at 750°C. for welds in ? in. dia. Nimonic 90 bar 
(Fig. 17), illustrate the loss of strength in the heat- 


affected zone, and emphasize the need to apply a full 
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17—Effect of flash-butt welding and post-weld heat-treatmen* on 
stress-rupture strength of Nimonic 90 bar 
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post-weld heat-treatment to the 
properties 

These findings on flash-butt welds, and on the arc 
welds discussed earlier, are in accord with the estab- 
lished heat-treatment principles which form the basis 
of the development of optimum stress-rupture 
properties 

Resistance -spot, -seam, and -stitch welds are in a 
somewhat special category with regard to structure 
and the effects of welding, since the cast weld nuggets 
are surrounded by the parent material, which is there- 
fore subjected at all points to the heat of the welding 
operation. In the case of Nimonic 80A and 90, the 
usual effects of solution and precipitation will be 
present—effects which do not occur with the solid- 
solution alloy Nimonic 75. Considerable experience in 
resistance welding Nimonic 75 has demonstrated that, 
whilst satisfactory welds are readily obtainable, the 
subsequent performance of the welded component is 
enhanced by stress-relief treatment. Available experi- 
with Nimonic 80A and 90 components in- 
corporating resistance welds suggests the advisability 
of post-weld solution and ageing treatments which 


regain original 
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must, of course, influence the heat-affected zone and 
weld nugget. 

A phenomenon associated with resistance weld 
nuggets in Nimonic alloys is illustrated in Fig. 18. 
Molten metal has apparently flowed into cracks arising 
in the heat-affected zone under the pressure of the 
welding electrodes. Harris and his co-authors'® have 
studied this feature in Inconel X, an alloy somewhat 
similar to Nimonic 80A, and their experience is that no 
service failure has ever been attributed to this effect. A 
survey of this and other features relevant to the quality 
and properties of resistance welds in the Nimonic 
alloys is now in progress in Britain. 


Nimonic 100 and 105 (Ni—Cr-base alloys) 


Nimonic 105 (see Table I) is a variant of the Nim- 
onic 100 alloy, which it has superseded as a material 
for gas-turbine blades operating at very high tempera- 
tures. Both alloys contain molybdenum and sub- 
stantially more aluminium than Nimonic 80A or 90, 
but retain the basic, face-centred-cubic matrix hard- 
ened by the y’ precipitate (which is completely dis- 
solved at temperatures above 1040°C.). Relatively 
large quantities of a complex alloy carbide, which is 
dissolved only at temperatures above 1150 C., are also 
present. The standard heat-treatments recommended 
for the alloys are: 

Nimonic 100—Solution-treatment: 14 hr at 1200°C., air cool 
Ageing treatment: 16 hr at 900 C., air cool 


Solution-treatment: 4 hr at 1150°C., 
plus 16 hr at 1050 C., air cool 
Ageing treatment: 16 hr at 850°C., 


Nimonic 105 air cool 


air cool. 

These sequences reflect the more complex heat- 
treatment required to develop the alloys’ special high- 
temperature properties. Nevertheless, the effect of 
welding will be primarily to dissolve both carbides and 
y’ precipitate in those regions of the heat-affected zone 
where transient temperatures exceed approximately 
1050°C. It is to be expected, therefore, that the creep 
properties of the alloy will be impaired by welding, 
and therefore that corrective solution and age-harden- 
ing treatments will be required after full-fusion welding 
operations. Details of these requirements have yet to 
be determined, since there is no extensive welding 
experience for Nimonic 105, which was developed 
primarily as a turbine blading material. The other 
heat-treatable alloys of the series were also originally 
developed for this role, but subsequently they have 
been utilized for their special properties in other 
applications where welding has been involved. 

Thus, Nimonic 100 sheet was required in connection 
with the use of a high-strength sheet material for a 


18—Section of resistance spot-weld in 
Nimonic 90 sheet, showing charac- 
teristic filaments of cast structure at 


edges of nugget 15 
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creep-resisting application. An examination of argon- 
arc welds in Nimonic 100 sheet, which were made with 
filler material of matching composition, revealed an 
interesting metallurgical phenomenon. Although welds 
were sound on completion, microcracks were found in 
the heat-affected zones of the welds after post-weld 
heat-treatment. It was established that the start of 
cracking was influenced by the time and temperature 
of heat-treatment (as depicted in Fig. 19), and that 
susceptibility to cracking was greatest in the tempera- 
ture range 800 -950°C. It was found that cracking 
could be avoided by heating rapidly through this range 
to higher temperatures, as required for solution- 
treatment, but the high heating rates needed were 
attainable only in material less than about 4 in. 
thick. A similar phenomenon of delayed cracking has 
been observed in welded Type 347 (18°, Cr-12°, Ni 
Nb) stainless steels’ in connection with stress-relieving 
treatments, and has necessitated modifications in heat- 
treatment schedules. This phenomenon is apparently 
not displayed by welded Nimonic 105, which is there- 
fore being examined in more detail to evaluate its 
potentiality as a high-strength alloy particularly 
amenable to welding. 


Casting alloys 


Increasing use is being made of the high-strength 
Nimocast alloys to provide components of a form that 
is most readily and economically produced by a 
casting technique. Some of these components are in- 
corporated, by welding, into assemblies of some 
complexity, usually fabricated in sheet materials, and 
the welding response of the cast material is therefore of 
practical interest. 

Since the compositions of these alloys reflect the 
same fundamental principles as those governing the 
wrought series, the effects of welding would be 
expected to be similar. The results obtained, under 
both laboratory and production welding conditions, 
confirm that the factors involved in the welding res- 
ponse and the effects of welding a cast grade, are indeed 
similar to those associated with the corresponding 





TEMPERATURE .°C 





@S- Sound 


@C- Cracked 








—* 
S 











4 


Imin 





Smin thr 


TIME 


yy min 5 min 


19— Influence of time and temperature upon cracking in Nimoni« 
100 sheet heat-treated after welding 
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wrought alloy. One requirement was to reduce the risk 
of cracking in the heat-affected zones of Nimocast 80, 
90, 257 and 258: success was eventually obtained for 
the first three alloys by slightly modifying their com- 
positions, but no suitable modification could be found 
for Nimocast 258, which is difficult to weld. 

Other considerations must be taken into account in 
the case of cast alloys. Firstly, the casting must be 
free from all kinds of porosity to avoid cracking in the 
heat-affected zone and unsoundness in the weld 
deposit. Secondly, close control of composition and 
casting technique is needed to avoid undue micro- 
segregation, including that of impurity elements which 
may lead to cracking in heat-affected zones. 


Effects of Brazing 


Brazing, which requires no fusion of the base 
material but only of the filler material for the joint, 
would seem to offer a means of avoiding some of the 
extreme thermal effects produced by full-fusion 
welding Operations. 

Table Ill gives details of some brazing alloys 
commonly selected for use with the Nimonic alloys 
and the relevant heat-treatment schedules. In general, 
the melting points of the brazing alloys correspond to 
solution-treatment temperatures for the creep-resist- 
ant alloys. There are circumstances, therefore, where 
heating for brazing may be regarded as part of the 
normal solution-treatment schedule or, alternatively, 
as an extension of the solution-treatment, without 
detriment to the structure of the creep-resistant alloy. 
Hinde and Perry’ have reported certain structural 
features involving penetration of the brazing alloy 
into the parent material. 

The tenacious oxide films formed on the surfaces of 
the Nimonic alloys, as a result of the presence of Ti 
and Al, must be removed before brazing to ensure 
bonding. Precautions are also necessary to ensure that 
these films do not re-form during the brazing operation. 
Moisture and oxygen must, therefore, be rigorously 


Fable Hl 


Some brazing materials for brazed joints in high-temperature 
alloys 





| 
Standard heat-treatments for 
Nimonic and Nimocast alloys 


Melting 
point, C 
996, 1027". 
and 1120, 
depending on 
precise 
composition 


Brazing 

material 
Ni Cr Ble.g 
Ni 16Cr 4}Si 
34B 4Fe) 


Nimonic 80A and 90 
8 br at 1080°C., air-cool, plus 
| 16 hr at 700°C., air-cool 


Nimonic 105 
4hr at 1150 C 
| 1}6hrat 1050°C 


, air-cool, plus 
, air-cool, plus 
, air-cool 


Ag Pd Mn 
(e.g. 64Ag 
33Pd 3Mn) 


1120° and 
1200, de- 
pending on 
composition 


| 16hrat 850C 
| Nimocast 80 and 90 

4-8 hr at 1080 C.., air-cool, 
Ni Pd Mn plus 16 hr at 700 °C., air-cool 
(48Ni 21Pd | 
31Mn) 


1120 


| Nimocast 258 

Not normally heat-treated 
Copper | 
| Nimocast 71 3C 


2 hr at 1170 C., air-cool 
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20—-Pressure-brazed joint in Nimonic 90 made with nickel- 
manganese-palladium filler ; almost complete absence of inter- 
face after diffusion-treatment at 1200 C 3 


excluded from the brazing atmosphere, and vacuum 
brazing is often the preferred procedure. 

More recently a pressure brazing technique, repre- 
senting a combination of solid-phase welding and 
brazing principles, has been developed using a Ni-Mn 
Pd alloy.'"® The extremely narrow joint achieved is 
shown in Fig. 20, with only slight distortion of the 
alloy on either side of the interface, although a post- 
weld, diffusion treatment at 1200°C., followed by 
treatments at 1080° and 700°C are required to obtain 
stress-rupture properties similar to those of the parent 
material 


Conclusions 


With the exception of Nimonic 75 and certain 
Nimocast alloys, the alloys of the Nimonic and 
Nimocast series contain titanium and aluminium, in 
proportion and quantity sufficient to produce harden- 
ing by precipitation of the Ni, (Ti, Al) compound 
(the 
chromium or alloy carbides, under controlled con- 
ditions involving solution and age-hardening heat- 
treatments, secures optimum properties for these 
highly creep-resistant alloys. 

The thermal effects of welding and brazing opera- 


y -phase). The precipitation of this phase, and of 


tions have been observed to affect the desirable 
structure of the heat-treatable alloys; in the case of 
welding, by producing heat-affected zones with poor 
Stress-rupture properties. The properties are sub- 
stantially restored to the required level, however, by 
post-weld heat-treatment involving solution and age- 
ing treatments at conventional temperatures. Weld- 
metal structure and properties are also improved by 
this treatment. 

Heating for brazing can often be part of the stand- 
ard heat-treatment for the creep-resistant alloy, and 
satisfactory high-temperature strengths have been 
achieved under these conditions. 
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Welding Problems Associated 
with Nuclear Fuel Elements 


By A. F. Taylor, B.SC., A.1.M. 


For economical operation of nuclear power stations, fuel elements must be 
designed to give maximum life between discharges and this imposes a severe 
condition for the integrity of the welded end seals. For operation at higher 
temperatures than is possible with the magnesium alloys used at present, 
stainless steel or the less common materials such as beryllium, niobium, and 


zirconium must be considered. 


This paper considers the problems associated with the development of welding 
techniques for sealing present and future elements to a stage where an automatic 
process can be used on a production scale. The end seal is not the only applica- 
tion of welding in fuel element manufacture, as attachments and supports or 
the fuel itself also demand welds of high integrity. 


in the United Kingdom, ranging from small 

experimental piles to the large power producing 
reactors. At present, the gas-cooled, graphite moder- 
ated reactor of the Calder Hall type is the mainstay of 
the British nuclear power programme, but other types, 
such as the advanced gas-cooled reactor and the fast 
fission breeder reactor, are being developed to reduce 
the cost of nuclear power. 

Although many welding problems are entailed in 
the construction of these reactors, their satisfactory 
operation ultimately depends on the integrity of the 
fuel elements, for any failure would cause a temporary 
shut-down with associated loss of output. For econ- 
omical operation of the gas-cooled reactors, it is 
essential to keep the failure rate below 0-1 °% per year, 
whilst several failures in rapid succession could lead to 
complete closure of the reactor. Thus the main aim 
of welding development is to devise seals that will not 
prove detrimental to fuel element life. 

The use of ceramic fuels is expected to overcome the 
distortion problems associated with metal fuels and 
would also allow increases in operating temperature 
with consequent gains in efficiency. This means that 
the magnesium alloys in use are no longer suitable, 
and alternative canning materials of high melting 
point are required. 


Ts: RE are now many nuclear reactors in operation 


Fuel Element Requirements 


Before considering the problems associated with the 
development of a welded end seal, it is desirable to 
reiterate, briefly, the functions of a fuel element and 
the main parameters that affect its design. 


In a reactor the fuel undergoes fission, liberating 
heat, which is ultimately converted to useful power, 
and producing radioactive by-products. As it is 
necessary to confine the fission products and prevent 
reaction of the fuel with the coolant the fuel is sealed 
in a container. The choice of material for the con- 
tainer is governed by the following factors: 

(i) Neutron capture cross-section should be low 

(ii) No reaction with fuel 

(iii) No reaction with coolant 

(iv) Adequate mechanical strength at operating temperature 

(v) Ability to be formed into the desired shapes 

(vi) Weldability. 

To provide efficient heat transfer from the fuel to 
the coolant, good thermal contact between fuel and 
can is necessary, combined with an adequate radiating 
surface. The latter may be achieved either by using 
thin fuel sections in the form of plates, tubes or small 
diameter rods, or by the use of a finned can. Which- 
ever design of fuel element is chosen, some provision 
must be made to support it in the reactor in a manner 
that will allow easy extraction on completion of its 
irradiation. This demands some attachment to the fuel 
element; also additional fixtures, such as anti-bowing 
vanes, may be required to limit possible distortion. 
In all cases, the amount of material used must be 
carefully controlled to limit neutron capture and to 
avoid undue interference with the coolant flow 
characteristics. 

For present thermal reactor applications, the fuel 
must be hermetically sealed in its container, and 
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detailed control is exercised over all stages of can and 
cap manufacture. Thus, during assembly, the integrity 
of the fuel elements will depend upon the adequacy of 
the end seals, and it is not only necessary to develop 
suitable welding techniques but also to develop 
inspection methods to determine weld quality. 


Welding of Magnesium Alloy Cans 


The development of welding techniques for the 
early Calder Hall fuel elements has been described 
previously?* but the continual quest for improvement 
and the demand for a longer irradiation life, particu- 
larly for the civil reactors now being built, have already 
many refinements. New techniques are also 
being investigated 


led to 


End seal welding 

End seal designs in use at present are all argonarc 
edge welds of a dished end cap, a typical example 
being shown in Fig. |. This basic design has now been 


Typical Calder fuel element end seal 


in use for a number of years and has proved satis- 
factory during this time, but refinements to the welding 
technique have been made periodically so as to im- 
prove quality or consistency 


Weld cracking 


The alloy known as Magnox, selected as the can 
material for Calder fuel elements, was known to have a 
slight susceptibility to weld cracking and this governed 
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lable I 
Welding conditions for Magnox end seals 





Power Source a.c. transformer 55 V o.c. with timed-pulse 
surge injector and d.c. suppressor 
Air cooled with } in. bore gas shield 


} in. dia. 2°, thoriated tungsten 


Torch 

Electrode 

Argon) Nitrogen 
Flow Rate 

Welding Current 

Initial Arc Gap 

Delay to Establish 
Weld Pool 

Welding Speed 

Second Arc Gap 


Up to 6 litres/min 
60 amp 
< 0-005 in 


4-6 sec 

~18 in./min 
0-045-0-055 in 
overlap 

After 2nd revolution plus overlap reduce 
current and extinguish arc 


after one revolution plus 


Crater Elimination 





the choice of end seal design and technique. How- 
ever, it was found, at a later stage, that surface micro- 
cracking could still occur and was not attributable to 
any changes in composition. Detailed observation 
showed that this cracking was associated with arc 
fluctuations such as were indicated on oscillograms by 
increased arc voltage, delayed reignition of the 
positive half-cycle, or complete rectification; com- 
pletely crack-free welds were always obtained with a 
perfectly stable and quiescent arc. Metallographic 
examination of the welds showed that these were hot 
cracks, caused by are fluctuations partially remelting 
areas of the weld such that the cooling stresses were 
increased locally. 

A detailed reassessment of the equipment and 
technique was instituted to improve arc stability 
without increasing rejects due to other causes. These 
investigations led to a number of modifications, the 
most important being: 


(i) Modification of the power source, incorporating a timed 
pulse surge injector and adjusting the o.c. voltage of the 
tranformer to 55 V 

(ii) Rigid exclusion of draughts 


Prototype automatic welding machine for Magnox end seals 
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(iti) The addition of approx. 0-15°, N to the argon (99-9°%, 
pure) and using the minimum flow rate consistent with 
adequate shrouding 

(iv) Electrode setting to permit accurate tracking of the weld 
joint and to provide close control over the arc gap 

(v) Crater elimination, obtained by reducing the current 
before extinguishing the arc. 


With these modifications and closer control of all 
the variables, a revised technique was established, as 
shown in Table I. The welding sequence was auto- 
matic and welding was done horizontally with the torch 
rotating and the can fixed. However, a new machine 
was developed later, of the type shown in Fig. 2, 
where the can is rotated relative to the torch and, to 
fit in with production line requirements, vertical! 
welding is employed 


Strength of weld 


With the design of joint used, the effective depth of 
penetration is considerably less than the depth of 
melting, owing to the persistence of an oxide film at 
the interface. Even with a V groove preparation it is 
possible to obtain only an average penetration of 
0-040 in. with 0-060 in. wall thickness of cap and can, 
and thus the strength of the end seal is limited. It may 
be necessary to strengthen this end seal so that it can 
withstand the distortion resulting from the longer 
irradiation times demanded for economical power 
production. This could be done mechanically by using 
a threaded end cap or by pressing the can neck into 
grooves on the end cap in the same way as the can 
body is locked onto the fuel rod. 

With the present design of end seal, the effective 
depth of penetration could be increased by preventing 
the formation of an oxide ‘tail’ at the root of the weld, 
and this suggests the provision of an argon backing. 
However, there are practical difficulties in doing this 
when making the final weld of a fuel element, and 
other means must be considered. Another approach is 
to use a different groove preparation so that the 
normal argon shrouding and arc cleaning action can 
prevent undue oxidation at the interface. Develop- 
ment along these lines showed that a U-groove prep- 
aration would give the desired effect and that a mean 
depth of penetration equal to the can wall thickness 
could be obtained. To achieve this result it was 
necessary to modify the technique so that the tip of 


3—-Filler wire weld in Magnox 
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the electrode was kept down in the groove, and was 
withdrawn only during crater elimination on com- 
pletion. Whilst this could be done fairly readily on a 
semi-manual basis, automation of the sequence made 
it more difficult to ensure melting to the bottom of the 
groove while avoiding the electrode touching the 
molten pool, particularly when phasing the current 
decay with electrode withdrawal. 

Other possible means of obtaining increased pene- 
tration are by adding filler wire separately or as a 
consumable electrode. The feasibility of the former 
method has been shown (a typical section is shown in 
Fig. 3) but the fine-wire technique presents many 
more difficulties on this size of weld, and development 
is still in its infancy. 


Inspection 


Non-destructive methods of testing the welds are 
limited to visual inspection, leak testing, and radio- 
graphy. However, none of these techniques will give a 
reliable means of determining depth of penetration; 
it is because of this that automatic welding is used so 
that destructive examination of <0-5°, of the welds 
will permit quality control. 

All welds are submitted to non-destructive inspec- 
tion, and gross defects such as unevenness, pin-holes, 
blow-outs, and inclusions, are detected by visual 
examination. Mass spectrometer testing indicates 
leaking fuel elements and radiography will show 
inclusions and blow-holes. 

The cause of these defects may be many and varied, 
and an essential part of production control is to 
determine the reasons for their occurrence. Where a 
given defect occurs consistently on every weld it is 
usually easy to detect the cause, but as the percentage 
of defects decreases a systematic investigation becomes 
necessary. The following are some examples of how 
defects arise: 

(i) An uneven weld may be due to mechanical faults of the 
equipment, such as inaccurate tracking of the electrode 
or an eccentrically placed electrode in the gas shroud, 
both of which may give rise to inadequate argon shield- 
ing. Electrical faults may affect the timed delay at the 
start of the weld and give excessive melting at this point 
Blow-holes may be due to inadequate drying or cleaning 
of the components, moisture entrained in the shielding 
gas, the amount of hydrogen in the metal, mechanical 
entrapment, or gaseous products from defects in the 
metal 
Pin-holes can be a stage beyond a blow-hole, i.e., the 
path of an escaped gas bubble. 


Resistance welding 


Although the end seal is the most important welding 
operation on the fuel element other welding opera- 
tions are required for the attachment of such items as 
anti-bowing vanes of the type shown in Fig. 4. The 
use of argonarc welding for this type of fixture would 
be confined to manual welding but, as an adequate 
assessment of the weld cannot be made solely by non- 
destructive examination, an automatic process was 
preferred and resistance spot welding was selected. It 
is important that copper contamination of the Mag- 
nox should be avoided and particular attention was 
paid to this point during early trials. Regardless of 
any precautions taken, contamination invariably 
occurred and could not be completely removed by 
simple mechanical cleaning such as wire brushing. The 
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4—Splitter and brace spot welded assembly 


only effective technique was gouging, and this removed 
a considerable amount of material from the surface, 
thus weakening the weld. The only alternative ap- 
peared to be the use of an interlayer between the 
electrode and the Magnox, and various materials were 
tried in the form of electrode tips, electrode plating, 
and loose shims. To obtain consistent results it was 
necessary to renew the interlayer at frequent intervals 
and because of this a 0-003 in. thick mild steel shim 
was found to be the most suitable.* The resultant weld 
is unlike a conventional spot weld in that fusion 
extends to the surfaces and thus control tends to be 
more difficult 


Beryllium Welding 


The Atomic Energy Authority is building an 
experimental advanced gas-cooled reactor (A.G.R.) 
which will permit higher operating temperatures with 
improved efficiency. A new type of fuel element will 
be used, consisting of UO, fuel canned in 0-040 in. 
thick beryllium, the overall size being approximately 
0-4 in. dia. by 13 in. long 


Properties 


From the nuclear aspect, the main attraction of 


beryllium is that it has the lowest neutron capture 
cross-section of all metals, coupled with a reasonably 
high melting point. The physical properties of import- 
ance in welding are given in Table II and are shown in 
comparison with some other materials. The most 
noticeable differences are its high specific heat and 
high latent heat of fusion 

The disadvantages of beryllium from the welding 
standpoint are its high reactivity towards oxygen and 
nitrogen and its metallurgical structure. Its reaction 
with oxygen is similar to that of aluminium in that it 
readily forms a protective and tenacious oxide film. 
The crystal structure of beryllium is close-packed 
hexagonal and its anisotropy gives poor ductility at 
room temperature and just below the melting point 
under triaxial stressing. Considerable attention must 
therefore be paid to fabrication methods that will give 


the most suitable structure. These have been dis- 


cussed in detail elsewhere.® 

In addition to these problems there is a serious 
health hazard associated with the inhalation of finely 
divided beryllium or its compounds, and the dust 
concentration of the atmosphere must be kept below 


2 ug/cu.m. 


Welding investigations 


When the decision was made to develop a beryllium 
fuel element, American reports*:’ suggested that the 
only satisfactory joining techniques were hot pressure 
welding, diffusion bonding, or braze welding with 
Al-Si fillers. None of these techniques appeared to be 


5—Beryllium welding equipment 


Table I 
Physical properties of beryllium compared with other metals 





Urarium 
1133 


Bervilium Magnesium Aluminium 


Melting Point, € 650 660 
Specific Heat, cal/g/C - 0-24 0-21 
Latent Heat of Fusion, cal/g 2 89 95 

Thermal Conductivity, cal/sec/sq.cm/°C 0:38 0-53 
Coeff. of Linear Expansion, pin./in./ °C 26-0 23-9 
Electrical Resistivity, #2Q2/cu.cm 4-4 2-65 


Property 


Copper 
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attractive for fuel element sealing and it was decided 
to concentrate work at Springfields on the inert-gas 
shielded-are welding technique. 

Both metallurgical and safety considerations de- 
mand that welding shall be conducted in a sealed 
chamber, and early work was carried out in a glove 
box purged with argon. Experiments in the glove box 
involved making edge and butt welds in sheet under 
flowing argon, and in common with other workers° it 
was found that both transverse and longitudinal 
intergranular cracks occurred in the fusion zone, al- 
though the extent of the longitudinal cracks could be 
reduced by increasing the welding speed. However, 
limitations of this equipment led to the construction of 
a vacuum chamber, of the type shown in Fig.. 5, 
which would allow better control over the atmosphere 
purity and provide better mechanical handling 
equipment. At this stage work was concentrated on 
the welding of end seals suitable for fuel elements, 
commencing with edge weids of a simple dished end cap. 

As with other metals, an important prerequisite for 
good-quality argonarc welds is the use of a satisfactory 
cleaning technique, and therefore several methods 
were investigated. All specimens were degreased and 
then cleaned by wire brushing, pickling, or electro- 
polishing. Satisfactory results could be obtained in all 
cases, but great care was needed in washing and drying 
after the wet cleaning methods to avoid porosity in the 
welds. Because of this, and the greater simplicity of 
mechanical cleaning as a production operation, wire 
brushing was adopted as the preferred technique. 

With the components clean, it is then necessary to 
prevent contamination during welding. Preliminary 
work had shown that a vacuum purged chamber was 
the best means. The procedure adopted is to seal the 
components inside the chamber, which is_ then 
evacuated to 5 x 10°? mm Hg and filled to atmospheric 
pressure with argon straight from the cylinder. It is 
important to avoid any partly-trapped spaces within 
the vessel which cannot be evacuated thoroughly, and 
it was found that electrical leads to the electrode could 
be a source of air contamination. To avoid this, 
normal insulation was removed and replaced by a 
loose insulating sleeve open at both ends of the lead. 

Initial welding trials were confined to edge welds 
and a variety of power sources was tried. Direct 
current of both polarities gave unsatisfactory results 
and, as may be expected from a consideration of the 
properties of beryllium, an a.c. composite power unit 
was preferred. At a later stage it was decided to weld in 
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a helium atmosphere as there was a requirement for 
the interspace between fuel and can to be filled with 
helium for leak detection and to provide good heat 
transfer in service. The change to helium made arc 
striking extremely difficult and, even when it was 
established, the arc was very unstable. Timed-pulse 
surge injection gave some improvement but satis- 
factory results were obtained only with a transformer 
of 115 V o.c. coupled with a condenser bank for d.c. 
suppression and an h.f. unit; 2% thoriated tungsten 
electrodes were also necessary. 

Improvements to the equipment and the use of a 
static atmosphere allowed the production of crack- 
free welds provided that the weiding speed was not too 
low; 20-25 amp at approx. 6 in./min gave the best 
results. Lower welding speeds could be used in argon 
without the occurrence of cracking, probably because 
of the lower thermal conductivity of this gas (about 
hy that of helium) and therefore slower cooling rates. 
The arc gap setting was found to be critical in that 
settings of less than 0-020 in. resulted in early con- 
tamination of the electrode with beryllium and con- 
sequent lowering of its melting point, whilst settings 
greater than 0-070 in. gave rise to arc instability. Arc 
gap settings of 0-030-0-035 in. were found to give 
the best compromise. A crater at the end of the weld 
must be avoided, as this would produce a local 
decrease in penetration, and of the various methods 
tried stepped reduction of the current was preferred. 

The original investigations were concerned mainly 
with edge welds but other possible end seals designs 
have also been considered; some of these are shown 
in Fig. 6. Crack and leak free welds can be obtained 
with all designs of joint shown. 


Examination and inspection of welds 

A cross section of a spigot butt weld is shown in 
Fig. 7a, which shows that the effective penetration is 
equivalent to the tube wall thickness. This section 
should be considered in conjunction with the longi- 
tudinal section of a weld (Fig. 76) where the columnar 
structure of the weld bead is more apparent. The 
importance of careful control of the welding conditions 
is demonstrated by the longitudinal section (Fig. 7c) 
where excessive heat input has given a very coarse 
columnar structure. All these photographs show welds 
made in fine-grained material produced by the 
extrusion of loose sintered compacts. Where coarse- 
grained cast material is used, the grain size of the weld 
bead is proportionately larger. 


OU 


6—Typical beryllium end seals 
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Transverse 
60 


weld: (a) 
(c) longitudinal 


Sections of hervilium 
(b) 60 


longitudinal 

lo evaluate the strength of the end seal, end cap 
push-off tests have been made at room temperature 
Breaking stresses of 14-5 tons/sq.in. have been ob- 
tained, fracture normally occurring at the junction of 
the fused zone and the tube 

Non-destructive examination of the welds was 
initially limited to visual inspection and mass spectro- 
meter leak testing, but recent improvements in radio- 
graphic techniques suggest that the detection of sub- 
surface voids and inclusions will now be possible. 
Meticulous control of the welding is essential and the 
human element must be reduced to the minimum at all 
Stages. Quality control can then be exercised by the 
destructive examination of a small percentage of the 
welds 

The work has shown that although beryllium has a 


high cracking propensity, successful autogenous 
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fusion welds can be obtained by careful attention to 
the material, design, and welding technique. The 
equipment shown in Fig. 5 provides automatic control 
of the weld sequence, which will permit pilot produc- 
tion at the rate of 1,000 welds per week and allow a 
detailed assessment of the consistency of the process 


Stainless Steel Welding 


Although it has a relatively high neutron capture 
cross-section, stainless steel is an attractive canning 
material, since it can be produced in very thin sections 
of adequate strength. It is a conventional material and 
there is an abundance of information on its produc- 
tion, fabrication, and properties. However, in the thin 
sections required for fuel elements, inclusion size 
becomes important and modifications to commercial 
practice are necessary to produce material of adequate 
cleanness. 

It is intended that a proportion of the first A.G.R. 
charge will consist of fuel elements canned in stainless 
steel approx. 0-4 in. diameter and 0-010 in. thick. 


Welding investigations 


Various compositions of steel are under considera- 
tion and, although 18/8/1 is high on the list, it is 
probable that another alloy with better corrosion 
resistance to CO, at the service temperature will be 
selected. 

Whereas other canning materials have severely 
limited the choice of joining techniques that can be 
used, a variety of techniques are suitable for stainless 


steel in this application. Brazing of high-temperature 
materials is feasible but possible incompatibility or 
corrosion problems with these alloys have resulted in 
more emphasis being given to welding techniques. 


Argonarc welding, resistance seam welding, and 
electron beam welding have been considered. 

Electron beam welding trials have shown that apart 
from the better appearance of the weld it has no 
advantage over argonarc welding. Equipment at 
present available is a useful experimental tool in the 
hands of a skilled operator but has not yet reached the 
stage of development where it can be readily adapted 
as a production unit. 


8— Resistance seam welded and argonarc welded doubie end seal 
in stainless steel 
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Both argonarc and resistance seam welding tech- 
niques are being developed and a duplex end seal is 
being considered, as shown in Fig. 8. Many other end 
seal configurations have been investigated but the 
dished end cap is the only one that will permit both 


9~— Automatic argonarc welding equipment for stainless steel 


10—Stainless steel welding head 
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methods to be used. Equipment and procedures for 
seam welding the end seal are being developed, and 
work at Springfields has concentrated on argonarc 
welding. 

Early work on 0-010 in. thick 18/8/1 steel showed 
the difficulty of obtaining consistent arc striking at the 
low currents (~4 amp) used, and a 3-phase rectifier 
set was built incorporating a spark starter developed 
for low-current d.c. arcs.* This overcame the diffi- 
culties encountered provided that a sharp pointed 
electrode was used and reground at frequent intervals. 
A lathe was modified to provide the welding jig and to 
allow maintenance of a constant are gap with accurate 
tracking of the weld joint, and a small Perspex shroud 
was fitted around the torch to provide adequate 
argon shielding. The equipment complete with auto- 
matic weld sequence control is shown in Figs. 9 and 
10. 

Components were degreased and wire brushed 
before welding and it was essential not to have greater 
than 0-0005 in. clearance between cap and can for 
satisfactory results. Extra argon shrouding was 
necessary to prevent oxidation at the interface, 
which reduced the effective penetration. The final 
procedure adopted was to set the arc gap to 0-020 in. 
and with an argon flow rate of 4 litres/min an are was 
struck at 4 amp. After a few seconds delay, the can was 
rotated to give a welding speed of approx. 5 in./min. 
When the weld had been completed the current was 
reduced before the arc was extinguished so as to avoid 
crater formation. 


Miscellaneous Problems 


This paper has so far considered the three major 
current development programmes at Springfields for 
which detailed welding techniques had to be specified 
for the production of fuel elements for gas-cooled 
reactors. Joining techniques for other materials suit- 
able for fuel element applications have also been in- 
vestigated. Higher operating temperatures or different 
coolants demand materials such as niobium, vanadium 
or zirconium and welding methods for these have been 
established. Niobium and vanadium have been used 
for the fast reactor fuel elements at Dounreay. 

Inert-gas shielded-arc welding of uranium has been 
investigated as an alternative means of obtaining long 
lengths of fuel and also to seal fuel tubes. In the 
former case, manual welding with filler wire additions 
has been carried out in a glove box, and the findings 
are in general agreement with those of other workers.'° 
The sealing of fuel tubes necessitates the making of a 
dissimilar metal joint, since the end plug must be a 


Zirconium end plug in a uranium ti be: (a) before welding; 
(b) after welding 
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12—Sectioned model of an irradiation specimen 


non-fissile material to avoid over-heating. Both 
zirconium and niobium have been used as end plugs, 
and a typical uranium-—zirconium weld is shown in 


Fig. 11. Owing to the difference in melting points of 


the two materials it is necessary to position the elec- 
trode over the end plug. 

Apart from the development of production tech- 
niques for sealing fuel elements there is also a require- 
ment for the fabrication of special test fuel elements 
for both out-of-pile tests and irradiation tests in 
Materials Testing Reactors. These may be compara- 
tively simple containments of fuels or more compli- 
cated assemblies such as that shown in Fig. 12. This is 
a cutaway model of a small fuel element double 
contained in stainless steel sheaths. Four 1|1-ft long 
thermocouples are attached to the fuel element and 
are led out through a high-temperature brazed seal on 
the inner containment. All joints must be leak tight to 
vacuum and pressure standards, and extremely tight 
dimensional tolerances must be maintained at all 
stages. These requirements are essential to obtain the 
maximum amount of information from an irradiation 
test 


Conclusions 


The development of welding techniques for specific 
fuel elements has been described to indicate the 
nature of the problems encountered, and the work at 
Springfields can be considered under three broad 
headings 

(i) Deve'opment of techniques for specific designs of fuel 

elements 


(ii) Systematic investigation of production difficulties 
(iii) Long-term work to provide basic information. 


The suitability of the end seal of Calder fuel elements 
has been proved in reactor operation but the desire to 
increase fuel element life calls for the development of 
better end seals. For more highly rated fuel elements 
other materials are required and new techniques may 
have to be developed. 


Acknowledgments 


The author wishes to thank Sir William Cook, 
Managing Director, and Dr. H. Kronberger, Director 
of Research and Development, of the D. & E. Group 
U.K.A.E.A., for permission to publish this paper. 


REFERENCES 

1. L. Owen: Brit. Welding J., 1959, vol. 6, pp. 197-204 
L. M. Wyatt and F. S. Dickinson: Weld. Metal Fab., 1957, 
vol. 25, pp. 378-396. 
I. H. Morrison and A. F. TayLor: 
vol. 3, pp. 217-218. 
British Patent No. 1664/58 

. L. R. Wititams and P. B. Eyre: Nuclear Eng., 1958, vol. 3, 
pp. 9-18 
D. C. Martin: “The Metal Beryllium”, American Society 
for Metals. 
R. E. Monroe et a/.: U.S.A.E.C., B.M. 1-830, Mar. 1953 
N. F. Eaton, J. SKINNER, and A. J. MARTIN: Weld. Metal 
Fab., 1960, vol. 28, pp. 46-52. 
M. Wa ter: Brit. Welding J., vol. 5, p. 407. 
J. R. C. GouGu and D. Roperts: Brit. Welding J/., 
vol. 4, pp. 393-403 


Nuclear Power, 1958, 


1957, 





AUTUMN MEETING 1960 


Cracking Tests for Assessing Weldability 


By J. C. Borland, A.1.M. 


The paper reviews the many types of cracking test that have been 


devised to assess weldability, and discusses their characteristics and 
limitations. Details of each test described are given in an appendix, 
and there is an extensive bibliography. 


LARGE number of tests have been devised for 
A essing the cracking tendency of welds and 

their adjacent zones. The reason for this abund- 
ance is not because of chance but is due mainly to the 
need to simulate the joint geometry and its attendant 
components of a particular practical application using 
a suitable welding process and appropriate welding 
conditions and technique. A few tests have been 
designed primarily for use as research tools. 

The main purpose of this paper is to ‘bring to the 
notice’ of its readers the different types of test that 
have been developed, to discuss the merits and de- 
merits of some of them now being used, and to suggest 
in what way they are suitable for evaluating cracking 
tendencies. 

For convenience, the details of the tests are con- 
tained in an Appendix, which can be read independ- 
ently of the main text. A full list of the tests is sum- 
marized in Table I. 


Nature of Cracking 


Two main types of cracking, namely “hot” (super- 
solidus) and “‘cold”’ (sub-solidus) are known to occur. 
The chief variety, weld hot cracks, are thought to 
occur during the last stages of freezing and are due to 
the persistence of liquid films at grain boundaries in a 
harmful distribution over a relatively wide tempera- 
ture interval.* Hot cracking in the heat-affected zone 
(H.A.Z.) is undoubtedly due to similar reasons but the 
mechanism by which liquid is encouraged to form is 
very different from that of the weld, and is not yet 
clearly understood. The weld cracking tendency is 
largely dependent on the freezing conditions in the 
molten pool, whereas the tendency for cracks to form 
in the H.A.Z. is greatly affected by the prior thermal 
and mechanical history of the material. One important 
observation is that if the solidus of the weld is lower 
than that of the base material then H.A.Z. cracks are 
unlikely to form. The reason for this is that until the 
weld gains some coherency it is unable to impose any 
strains on the adjacent zones. All hot cracks are inter- 
granular. 

Cold cracking, as the name implies, occurs at 





* J. C. Borland: Brit. Welding J., 1960, vol. 7 pp. 508-512. 


relatively low temperatures, and in steels (other than 
Stainless steels) it is attributed to the occurrence of the 
austenite—martensite transformation and some form 
of internal stress in the presence of hydrogen. By 
implication, cracking occurs below the Ms tempera- 
ture. In steels, weld and H.A.Z. (underbead or hard- 
zone) cracks are very similar and differ mainly only in 
distribution, size, and numbers. Whether or not crack- 
ing can occur in the absence of hydrogen is probably 
an academic point, but presumably it can if sufficient 
Strains (stresses) are developed. Logically cracking 
will depend mainly on three factors: 


(i) Presence of hydrogen 
(ii) Degree of restraint 
(iii) Type of microstructure. 


The following suppositions would not appear to be 
unreasonable: 


(a) In the absence of hydrogen, cracking will occur provided 
that a martensitic structure is developed and the degree of 
restraint is very high 

(b) In the presence of a small amount of hydrogen cracking 
will occur when a martensitic structure is developed, and 
the restraint is only small. With increase in restraint 
cracking will occur in one of the other austenitic trans- 
formation products. 


The cooling rate is probably important, not so much 
in itself, but in the way that it affects the type of micro- 
structure developed, and the diffusion of hydrogen. 

Underbead cracking is usually caused by the 
migration of hydrogen from the molten pool to the 
H.A.Z. If an austenitic electrode is used the tendency 
for underbead cracking is very much reduced or is 
eliminated ; this is due mainly to the power of austenite 
in retaining large amounts of hydrogen in solution. 


Factors Influencing Cracking 


The main factors causing cracking are physical and 
metallurgical. The physical factors include type, size, 
and thickness of material, joint design, and size and 
shape of the weld bead, electrode type, coating and 
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Table | 


Summary of cracking tests 





Test* 
No Name of Test 
Underbead (heat-affected zone) tests 
Longitudinal Bead Weld 
Circular Bead Weld 
Reeve Fillet Weld 
Reeve Butt Weld 
Controlled Thermal Severity 
(C.T.S.) 
BS.2549 Cold Cracking Test 
Cruciform 
B.W.R.A. Austenitic Steel 


Welding 


Process 


Material 
Vainly Used 


Metal-arc 


Steel 


Cr-Ni 
austenitic steel 
Weld metal cracking tests 
Group A 

9 Pad Cr-Ni 
austenitic steel 


Metal-arc 


10 . 

11 Cylinder 

12 Single-T 

13 British Standard Single-T 

14 Double-T 

15 Hinds Specimen 

16 Butt Weld Restraint (Navy 

Torture Test) 

Lehigh Restraint 

18 Naval Research Laboratory 
Specimen 

1v B.W.R.A. Butt Weld Slotted 
Plate 

20 Circular Patch 

21 Navy Type Circular Patch 

22 Circular Groove 

23 Segmented Groove 

24 Finger 


Steel 


Steels 
(various) 


17 


Aluminium 
Steel 


High-alloy steel 


Metal-arc 
and 
tungsten-arc 
Various 
Metal-arc 


25 Cast Iron Block 
26 FISCO 


Cast Irons 


Group B 

27 Boudreau Various Tungsten- 
arc 

Group € 


28 Houldcroft Fishbone Aluminium and 


Steels 
Steels 


29 Murex Hot Crack Machine Metal-arc 


0 Prokhorov Machine 





Also refers to number in the Appendix and Bibliography 


size, heat input and cooling rate, current, arc voltage 
and are length. The metallurgical factors have been 
discussed previously 


Plate size and thickness 

Thick plates afford greater restraint than thin ones 
and thus can cause a greater amount of strain on the 
deposited weld bead which can lead to cracking. Ir 
addition, cooling rate usually increases with increased 
plate size and thickness and thus this factor can also 
increase cracking, particularly in steels. Thick plates 
are usually less worked and less homogeneous in 


composition than thin plates, and where zones of 


segregation occur cracks may form 


Joint design and bead shape 

Joint design, besides affecting cooling rate and 
dilution effects, has a strong influence on whether or 
not regions of high stress concentration occur in a 
weld. During cooling for instance, a concave weld is 


subject to stress concentration on the thinnest and 
hottest section. A convex weld on the other hand has a 
thicker mid-section which cools last, and is less prone 
to cracking. Cracking in the heat-affected zone can be 
caused by the points of high stress concentration 
existing at the edge of convex welds. This applies to 
cold cracking during welding and cracking occurring 
during heat-treatment or service, rather than to hot 
cracking. 

Backing bars are sometimes harmful, for they create 
a notch effect at the interface between the base plate 
and the backup. 


Electrode type, coating and size 

The effect of electrode type, coating, and size on 
cracking is linked with electrode ‘suitability’ and 
‘useability’. The type of coating affects the stabi- 
lization of the arc, controls the melting rate of the 
electrode and penetration power, and influences the 
shielding efficiency given to the weld so formed. The 
type of slag produced is very important, for it in- 
fluences the shape of the bead and affects the kinetics 
of the slag/weld-metal reaction. The size of the 
electrode determines the current to be used and con- 
trols the size of the molten pool. Large electrodes, for 
instance, can cause cracking in austenitic weld 
deposits because the large molten pools when freezing 
cause excessive shrinkage. Several investigators have 
found that excessive slag causes concave weld bead 
deposits which are then susceptible to cracking. 


Heat input and cooling rate 

These factors are related to the welding speed and 
current. Low currents and high welding speeds give 
high cooling rates. 

In the tungsten-arc welding of sheet, an increase in 
the current or speed or both can increase, decrease, o1 
not affect the cracking tendency of welds. In some 
cases it first increases and then decreases the cracking 
tendency. As one would suppose, the reasons for the 
effect of these welding variables are not clearly under- 
stood. However, an increase in speed or decrease in 
current should steepen the thermal gradients existing 
in the base material and thus decrease the total con- 
traction imposed on the weld. This should decrease 
cracking. On the other hand, an increased cooling rate 
should cause a further departure from equilibrium 
freezing conditions, and according to the composition 
of the material, could increase or decrease cracking 


Essential Features of a Cracking Test 
An ideal cracking test should be 


(a) Cheap and simple to make 

(b) Economical in material, labour, and time to conduct the 
test 

(c) Able to show a direct correlation with fabrication require- 
ments and service behaviour 

(d) Simple to conduct 

(e) Free from variations due to the human element 

(f) Capable of giving reproducible results 

(g) Able to show a high sensitivity to small changes in a test 
variable 

(h) Able to show the effects of all welding variables 

(7) Applicable to all welding processes 


Such a test has never been devised, of course, and is 
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not likely to be because of the very many different 
conditions found in practice. 

The main consideration in choosing a suitable 
cracking test is that it should simulate the joint 
geometry of the practical application and show a direct 
correlation with the fabricator’s requirements, and also 
service behaviour where this is important. It is com- 
mon, however, and expedient, to choose, or to devise 
a test which imposes conditions that are more severe 
than those that would be normally experienced. 
Because of this it is not always possible to select a 
single test which can assess the cracking tendencies of 
both the weld and the heat-affected zone, particularly 
when it is desired to impose a maximum restraint on 
both zones and at the same time to evaluate a particu- 
lar weld and base metal combination. 

In Table I. which gives a summary of the tests, the 
various types of test are divided into two main 


sections; those normally used for assessing underbead 
cracking tendencies, and those used for weld-metal 
studies. The weld cracking tests have been divided into 
three groups. This classification is quite arbitrary and 
the reasons for doing it will be quite obvious. 


Cracking Tests 
Tests for assessing underbead cracking in steels (other than 
stainless steel) 

The two most simple tests are the longitudinal and 
circular bead specimens, which involve the deposition 
of a single bead on a flat plate. Several tests must be 
conducted, however, to gain a reasonable result. With 
these tests the effects of external stress are at a mini- 
mum and thus the restraint factor is not studied. 
Whilst it is admitted that restraint may be only of 
minor importance in the formation of cold cracks in 
many steels, this may not be so in all steels, and thus 
these tests may have only a limited application. A 
further point is that external restraint, when present, 
assists in enlarging cracks, thus making them much 
more observable, where otherwise they might not 
have been seen. The drastic water quench imposed on 
the circular bead specimen does not simulate the un- 
interrupted thermal cycle experienced in normal 
welding and this could give rise to misleading results. 

The Reeve fillet weld test, which was used extens- 
ively several years ago, incorporates maximum res- 
traint combined with fast rates of cooling, and it is 
generally accepted that a steel which passes this test 
will be weldable in the vast majority of cases. How- 
ever the test may classify many steels as unweldable, 
whereas some of them may be quite weldable in certain 
applications. If restraint is only a secondary, but 
nevertheless important agent, in making cracks 
observable, then it would be more logical to develop a 
test that would allow the effect of cooling rate to be 
studied, but at the same time incorporating sufficient 
restraint to assist in enlarging cracks which otherwise 
might be difficult to detect. The Controlled Thermal 
Severity (C.T.S.) test (which is a modification of the 
Reeve test) developed by Cottrell at the B.W.R.A. 
goes a long way in achieving this objective. In one of 
its forms it has been adopted as a British Standard 
cold cracking test for medium high-tensile steels. A 
disadvantage of the test, and this may apply only to 
certain steels, is that the effect of external restraint on 
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cracking is not analysed. However, different degrees of 
restraint can be imposed on the heat-affected zone by 
using electrodes of different strength. High-strength 
austenitic electrodes cannot be used, because of the 
high solubility of hydrogen in austenite. It is assumed, 
of course, that the main source of hydrogen in the 
H.A.Z. is the molten pool. 

The cruciform test has also been used to study 
underbead cracking in steels and it is claimed to be 
more severe than the C.T.S. test. Use of the cruciform 
test has made some investigators think that restraint is 
a very important factor in affecting cracking. It has 
been pointed out, however, that with this test hydrogen 
can migrate from one H.A.Z. to another, thus in- 
creasing the hydrogen content of the later weld joints, 
and thus the severity of cracking. The nature of the 
test should, however, impose more restraint than the 
C.T.S. test. 


Chromium-nickel austenitic steel test for studying heat-affected 
zone cracking 

This test has been recently developed by Borland 
and Younger at the B.W.R.A. The dimensions of the 
test are not yet finalized but, in its present form, it is 
proving most useful for studying the mechanism of 
base-metal cracking in austenitic steels during welding 
and under simulated service conditions. There are 
good reasons for believing that the test will give an 
indication of the performance of materials in power 
stations. 

Initial studies with 18 °,Cr—13 °,Ni-1 °,Nb material, 
welded with a controlled ferrite electrode, showed 
that small hot cracks (about 0-030 in. deep) developed 
adjacent to the fusion zone. After heat-treatment 
at 750 C. these small cracks were found to have pro- 
pagated, sometimes as much as 0-5 in. below the 
surface. If the initial hot cracks were removed 
by grinding, cracks were not initiated during the heat- 
treatment period. Cracking was not so severe when a 
lower strength electrode was used. With a type 316 
(0-55°.C) material hot tears produced during the 
welding cycle were not propagated under similar 
conditions of temperature and stress. 

Further studies by Younger and Baker have shown 
that the microstructure, as observed under the electron 
microscope, is the most important factor influencing 
the propagation of the cracks during heat-treatment. 
Also if a very high strength electrode, which does 
not produce hot cracks because of its low solidus, is 
used cracks are initiated during the heat-treatment 
cycle with 18°(;Cr—-13°,Ni-1°,Nb material but not 
with the type 316. It was concluded that cracking 
during reheating was always accompanied by the 
formation of a fine precipitate within the grains of the 
heat-affected zone. (This was absent in the type 316 
material.) An increase in the strength of the weld 
metal resulted in more extensive cracking because of 
the greater strains produced in the heat-affected zone. 

These authors also studied Nb- and Ti-stabilized 
and unstabilized 18°, Cr-8°, Nisteel and an 18° Cr 
10°, Ni Mo-stabilized steel. The primary use of the 
test 1s on a crack/no-crack basis. 


Weld metal tests 
The most simple and easy tests to perform are the 
pad, X type and cylinder specimen tests. The pad test, 
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which offers a minimum restraint as the weld metal is 
not confined by parent material, is the less severe of 
the three. The X test affords slightly more restraint 
because of the two square bars which form a weld 
joint. In addition, each succeeding test weld (4 in all) 
is deposited under more restraint. The specimen is 
primarily a ‘go/no-go’ cracking test, the cracking 
tendency being judged by noting in what run cracks 
first appear. In the cylinder test, only one test weld is 
deposited, but this is probably made under more 
restraint than the fourth test weld of the X test, as the 
test weld is deposited while the underneath restrain- 
ing welds are still cooling down. The crack length is 
measured afterwards. 

The single-T test is like the X test and relies on 
restraint produced by a cooling restraining deposit. 
However, the fillet joint formed by the abutting plates 
more closely resembles a practical joint configuration. 
Also the larger size of the plates affords a greater heat 
sink than is obtained with the X test. The British 
Standard (BS.639:1952) single-T test for mild steel is 
one form of the single-T test. For medium high-tensile 
steels, the British Standard test (BS.2549:1954) is 
slightly more severe, greater severity being obtained by 
using an austenitic electrode for depositing the restrain- 
ing run. 

The double-T test is a further development of the 
single-T test; however, here the welds are usually made 
singly, and each weld is deposited under more restraint 
than the previous one. It is claimed that the severity of 
the test may be further increased by cooling the speci- 
men to the original temperature between welds. 

The Hind’s test is also a development of the single-T 
test. Here the two welds are deposited nearly simul- 
taneously. Additional restraint is gained by increasing 
the width of the top member, and also by using an 
austenitic electrode for the restraining weld. 

When welds are to be made in thicker material it is 
necessary to use larger test specimens which more 
closely simulate the practical application. Thus for 
butt welds the Navy Torture test or other similar tests 
are very useful. These types of test usually simulate 
the most severe conditions that are likely to be met in 
practice. 

Another test, which is widely used in America, is the 
Lehigh Restraint specimen and its many modifica- 
tions. With this test an effort is made to determine the 
degree of restraint that is necessary to produce crack- 
ing. Different degrees of restraint are obtained by 
cutting slots of various depths into the sides of a 
rectangular plate which is securely clamped in a 
welding jig. This is a ‘go/no-go’ test and several speci- 
mens must be welded to gain a result. A test that was 
designed to overcome the need for preparing several 
samples is the Naval Research Laboratory specimen. 
This, however, has not been used with much success. 
Another test, not unlike the N.R.L. test, is the 
B.W.R.A. slotted plate specimen. The degree of re- 
straint is altered by the length of the slot. Several 
specimens are necessary to gain a result, the cracking 
index being the minimum slot length at which crack- 
free welds are produced. 

Where patches have to be welded, or circular welds 
made, the circular patch or circular groove tests are 
more applicable. With these types of test the restraint 
is usually greater than in butt welds of similar dimen- 
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sions. The degree of restraint may be varied by altering 
the size of the patch; the smaller the patch the greater 
is the restraint. 

In practical applications where weld-metal cracks 
may be caused by ‘notches’ or ‘interfaces’ the finger 
and segmented groove tests should be useful. 

There are only a few cracking tests for use with 
tungsten-arc welding; of these the Houldcroft Fish- 
bone test appears to be the most promising. The 
principle underlying the development of this test is 
different from the others, for the test measures the ease 
with which a propagating crack is stopped. For this 
reason it can be used only for comparative purposes, 
and as the mechanism of the test has not yet been fully 
elucidated it is not possible yet to assume that a close 
relationship between crack length and weldability 
exists as has been assumed to apply in other tests. 


Discussion 


It must be emphasized that the main consideration 
in choosing a suitable cracking test is that it should 
simulate as closely as possible the joint geometry of 
the practical application and should show a satis- 
factory degree of correlation with its weldability. 
Where behaviour of the welded joint in service is 
important, the test should be capable of providing in- 
formation which will allow this aspect to be evaluated. 
If the whole test specimen cannot itself be subjected to 
the appropriate tests, then it should be capable of 
supplying test specimens. For weld-metal evaluation, 
a simple tensile test can provide useful basic informa- 
tion, i.e., yield strength (or proof stress), tensile 
strength, ductility, and hardness. The ratio hardness 
tensile strength (H)/T) will also afford an indication 
of the notch impact strength, if the relationship 
between the ratio and impact strength is known 
previously. (For many steels this relationship is almost 
linear over a wide range.) In general, as this ratio 
increases, the impact strength decreases. 

Cracking tests appear to be of two main types: 


Class A (crack/no-crack type) 
(i) Single test specimen 
(ii) Several test specimens 
Class B (tests when cracking tendency is assessed by measure- 
ments of crack length) 
(i) Restraint factor constant* 
(ii) Restraint factor continuously varied in single specimen. 


The class B(ii) test is, in fact, a special form of the 
class A(ii) type of test. This is because, as the restraint 
is reduced along the specimen, a stage is reached where 
the crack cannot propagate further; this is a crack/no- 
crack position. However, unlike the class A(ii) type, 
test, the index of cracking is based on the ease with 
which the propagating crack is stopped. The class 
A(ii) type test, of course, measures the ease of starting 
a crack. 

In some cases class A tests are also used as class 
B(i) tests. This is because of the need sometimes to 
discriminate between class A tests which have cracked. 

The type of specimen which should best reflect 
‘weldability’ in practice is the crack/no-crack test. 





* There is no reason why specimens which are usually used as 
this type of test, should not also be used as Class A(i) tests. 
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Tests which give a measurement of crack length are 
best suited to those establishments where basic 
research is being conducted. A recent note to the 
Journal* and other workt implies that crack length is 
related to the extent of the freezing range (this is 
related to the brittle range or critical solidification 
range)—at least for solid-solution alloys. It would not 
appear to be logical to relate the extent of the freezing 
range to ‘weldability’, for the freezing range is an 
inherent property of the alloy and cannot be altered 
to any large extent by variation in welding techniques. 

For assessing the underbead cracking tendency in 
steels, the C.T.S. test would appear to be the most 
valuable test yet devised. If restraint is an important 
contributory factor causing cracking, then this aspect 
can to some extent be evaluated by using high-strength 
electrodes, although these may tend to cause weld- 
metal cracking. This will lessen the restraint imposed 
on the heat-affected zone. A more severe test is the 
Reeve test. 

Heat-affected-zone cracking in Cr—Ni austenitic 
steels can be assessed with the B.W.R.A. austenitic 
steel base-metal cracking test. This appears to be the 
only test devised to study this problem. Different 
degrees of restraint can be imposed by using electrodes 
of various strengths. The electrode used need not be 
austenitic. The severity of the test could also be 
altered by varying the ratio of stub-pipe-dia./external- 
block-dimension. 

There are several weld-metal cracking tests that are 
very useful, the type selected depending on the prac- 
tical application in mind. Of the tests in group A 
(Table I), the pad, X, cylinder, Hinds,} and Naval 


Research Laboratory tests do not appear to have 
special merit that would necessitate their use. The pad 
and X tests might however be useful where simple 
joints with little or no restraint are involved. 

The Lehigh Restraint, B.W.R.A. slotted plate, and 


* J.C. BorRLAND: Brit. Welding J., 1960, vol. 7, pp. 558-559. 

* W. 1. Pumpurey and P. H. JeNnninGs: J. Inst. Metals, 1948, 
vol. 75, pp. 235-256. 

+ However, the severity of the test can be increased by altering 
the width of the top member. 
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finger tests (class A(ii)) appear to offer the best 
assessment of cracking tendencies, because of the 
various degrees of restraint that can be imposed. The 
circular patch, and circular groove tests could also be 
made more useful by varying the patch-(groove)-dia. 
external-block-dimension ratio to give various degrees 
of severity, and using them as class A(ii) tests. 

In group B the Boudreau test does not appear to 
offer any advantage over others, and furthermore the 
cracking index assigned does not appear to be directly 
related to ‘weldability’. 

In group C the Murex hot-crack machine provides 
an extremely severe test of weld metal. It can be used, 
however, only as a comparative test. It should be 
extremely useful for assessing electrodes of a type 
where a sound knowledge has been gained previously 
on the relationship between the Murex crack length 
and weldability in practice for similar electrodes. 

The Houldcroft fishbone test is a rather special 
form of the principle underlying the mechanism of the 
Murex hot-crack machine. In its present form, how- 
ever, the test could conceivably give inconsistent results 
because of its smallness. The variation in severity along 
the specimen is obtained by slotting the plate to 
various depths (Fig. 23a). These slots act to alter the 
strains on the weld pool by changing the thermal 
strains created by the heat flow distribution. This in 
itself is a good arrangement; unfortunately the thermal 
distribution will also be disturbed by the starting edge 
and end of the specimen. Small variations in welding 
speed could thus have a large effect on the size of the 
thermal strains created. A quasi-stationary heat-flow 
pattern will not be obtained (even for a constant bead 
width) unless the arc is several melted widths from the 
edges of the specimen. An improvement to the test 
might be to add on to the two ends a ‘head’ and a 
‘tail’ so that the quasi-stationary state of heat flow is 
achieved by the time the arc has reached the first slot. 
Also this arrangement might increase the sensitivity 
of the specimen at both end regions of the slotted 
portion. 

As with the Murex test, the Houldcroft specimen is 
a comparative test, and should be useful for evalu- 
ating similar materials. 
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CRACKING 


APPENDIX 


TESTS FOR ASSESSING WELDABILITY 


Underbead and Heat-affected Zone Cracking Tests 


(1) Longitudinal Bead Weld Underbead 
Cracking Test 

This simple test consists of a block of 
steel 2 in. wide by 3 in. long (in the 
direction of rolling) by the full thickness 
of plate under investigation (Fig. 1). 

A bead 1} in. long is deposited with a 
! in. dia. E6010 type electrode at a 
current of 100 amp. and 24-26 arc volts 
and a travel speed of 10 in./min. The 
block is pre-cooled or pre-heated to one 
of several temperatures, and during 
welding and for one minute afterwards 
is immersed to within } in. of its top 
surface in a liquid bath at the chosen 
temperature. It is then removed and 
held for 24 hr at 15 C. and is then 
tempered for | hr at 595°C. 

The cracking tendency is assessed 
from a longitudinal microsection by 
magnetic particle or metallographic tech- 
niques, and the total length of crack(s) 
is expressed as a percentage of the 
bead length. For a reasonable evaluation 
ten tests have to be conducted 


(2) Circular Bead Weld Underbead Cracking 
Test 
This test was primarilly developed for 
sheet steel | in. thick. For the test, a 


specimen | in. 2 in. <2 in. is sand- 











wiched between copper cooling plates 
with suitable openings, as shown in 
Fig. 2. A circular bead weld about | in. 
in diameter is deposited with a & in. 
dia. E6013 electrode at 50-55 amp., 


24-26 arc volts, and a welding speed of 


about 94 in./min. 

Immediately after welding the speci- 
men is quenched in iced water to induce 
cracking, and is then held at room 
temperature for 24 hr and afterwards 
stress-relieved for | hr at 565°C. 

The extent of cracking is expressed 
(after grinding the surface flush) as a 
percentage of the maximum crack 
length possible, or 720 degrees, since 
cracking can occur on both the inside 
and outside periphery of the weld. Six 
specimens are usually required for each 
steel tested 

Reeve Tests 

The Reeve tests were designed prim- 
arily for determining the tendency of a 
steel to crack either during or immedi- 
ately after welding. Weld cracking is 
also assessed. 


(3) Fillet Test 


This test consists of depositing a fillet 
weld between one side of a square plate 
and a rectangular plate placed under- 
neath. Anchor welds are made previously 
on the other three sides of the square 
plates and the whole assembly is bolted 
to a 2} in. thick mild steel base plate. 
When the anchor welds are completed, 
the whole specimen is cooled to near 
room temperature and the bolts are re- 
tightened before making the test weld. 

The dimensions of the specimen vary 
with the thickness of plate under test. 
Figure 3 shows the form of the test for 
| in. thick material. 

Metallographic samples 4—} in. long 
are taken from the mid-section of the 
test weld and examined for cracking 
tendencies. Hardness surveys are also 
usually made. 


(1) Dearden and O' Neill Modification 

In this arrangement two test fillets 
are made instead of one. To do this the 
bottom test plate is extended to 13 in. 


Clamp jig ,two copper 
plates "x 4'x 4" 
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Plate C 
Tack weld each end 


5—Cruciform test specimen 


cos %, dia hole = 4—C.7S. test assembly for alloy steels 


and the second fillet is made in the 
position of the back anchor weld. 


(ii) Reeve 
steel 

For high-alloy steels, which are hard 
to drill, steel straps are placed over the 
plates and firmly bolted to the mild steel 
plate. The two side anchor welds are 
essential, otherwise very little restraint is 
obtained. 


modification for high-alloy 


(4) Butt Weld Test 


The form of this test, is similar to that 
of the fillet test (see Fig. 3) except that 
two upper square plates are needed to 
provide a butt joint. 


(i) Reeve Modifications 

To simplify the test and thus save 
time and material two modifications 
have been suggested: 
the backing plate and omission of the 
anchoring welds; and (+) removal of the 
backing plate, omission of the anchor- 
ing welds and provision of a test plate 
with a machined V groove. 

These two modifications are not so 
severe as the standard test. Whereas in 
the standard test the weld and heat- 
affected zones are liable to crack, usually 
in the modified tests only the heat- 
affected zones would suffer. 

For high-alloy steels, steel straps are 
used as in the modified fillet test. 


r 
(ii) Rollason and Cottrell Modification 

In this modification, the bolts, the 
side anchoring welds and heavy mild 
steel base plate are omitted. As with the 
Reeve modifications, this is not so 
severe as the original test. 


(5) Controlled 
Test 


The design of this test is based on the 
assumption that the extent of ‘hard- 


Thermal Severity (C.T.S.) 


(a) Removal of 


zone’ cracking is mainly dependent on 
the cooling rate at about 300°C., as 
measured in the heat-affected zone 
adjacent to the fusion line. When a 
critical rate of cooling for a given 
electrode—steel combination is exceeded, 
cracking is supposed to occur irrespect- 
ive of the external restraint applied. 

The C.T.S. test comprises two plates, 
one square (top plate) and the other 
(bottom plate) almost twice as long, 
clamped together with a single bolt and 
two side anchor welds (Fig. 4). The two 
plate surfaces in contact are surface 
ground to obtain efficient heat flow. 

After the test specimen has been 
assembled it is allowed to cool to room 
temperature before the bithermal test 
weld is deposited, and again before the 
trithermal weld is made. Various 
thermal severities are obtained by using 
different thicknesses of plate (Table A). 
The thermal severity number is obtained 
from the following formulae: 


(a) TSN=4t 
(6) TSN=4(1 


b) for bithermal welds 
25) for trithermal welds. 


The severity of cracking is determined 
by measurements of crack length on 
metallographic sections. 


Table A 


C.T.S. assemblies and thermal severity 
numbers (T.S.N.) 





Plate thickness, Heat Flow 
in. from 
Top Bottom Test Weld 
Main Series 
} } Bithermal 
Trithermal 
Bithermal 
Trithermal 
Bithermal 
Trithermal 
Bithermal 
Trithermal 
Supplementary Series 
} j Bithermal 
Trithermal 
Bithermal 
Trithermal 


, , 





A weldability index (Table B) has 
been proposed and operates as follows. 
Fillet welds, each of } in. leg length, are 
laid on assemblies of different thermal 
severity and examined for cracking. The 
steel is then given a weldability index 
letter, depending on which of the tests 


Table B 


Weldability Index 





Critical Cooling Rate (at 300°C.) 
above which Hard-Zone Cracks 
occur 
C./sec 
Over 32 

20-32 
11-20 


Under 2 


Present with T.S.N 


12 
8 and over 
6-11 6 and over 
4-6 4 and over 
2-4 3 and over 
2 and over — 


Hard-Zone Cracking in } in. Leg Length 
Fillets on C.T.S. Assembly 


Weldability 
Index 


Absent with T.S.N. Letter 


12 and under 
8 and under 
6 and under 
4 and under 
3 and under 
2 and under 
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show cracking. The index is then com- 
pleted by prefixing the coating group 
number of the electrode used for the 
tests. 


(6) British Standard Cold Cracking Test for 
Medium High-tensile Structures 
(BS.2549:1954) 

This is one form of the C.T\S. test 
(see Fig. 4). Only one weld, the tri- 
thermal weld, is tested however, and the 
thickness of the plates is standardized at 
4 in. The following is an extract from 
BS.2549:1954: 

“Two plates, one 3 in. x 3 in. and the 
other 7 in. x 4 in., each of a thickness of 
4 in. (or 20 Ib), shall be used for the test. 
The test weld edge of the top plate shall 
be finished by machining and, if gas cut- 
ting has been used in cutting out the 
plates, a minimum of } in. shall be 
removed. The lower face of the top plate 
and the upper face of the bottom plate 
shall be machined flat. The thickness of 
each plate shall not be reduced below 
0-460. The interface shall be free from 
millscale, oil and other foreign matter 
before the plates are bolted together. 

“The plates should be drilled and 
tightly bolted together with a 4 in. 
diameter bolt [as shown in Fig. 4]. 
Anchor welds shall then be deposited in 
the flat position round three sides of the 
top plate using a 6 s.w.g. electrode to 
give 2 in. leg length fillet welds. Multi- 
run anchor welds may be used if the 
runs are deposited in quick succession. 
Visibly cracked anchor welds shall be 
replaced. 

“Any slackness in the bolt shall be 
taken up immediately before the test 
weld is made. The temperature of the 
parent metal used for making test pieces 
shall be 10-30'C. (50-85 F.) immedi- 
ately before depositing the test weld. 

The test assembly shall be held so that 
the test weld is deposited in the flat 
position. If a jig is used for this purpose 
the metallic contact with the jig shall be 
such that the thermal severity of the test 
is not affected. The earth connection 
shall be attached to the head of the bolt 
and shall be removed immediately after 
the test weld is completed. The test weld 
shall be a uniform fillet* of 3 in. leg 
length deposited with a 6 s.w.g. electrode 
using the approximate mean of the 
range of current recommended by the 
manufacturer. The test weld shall be 
3 in. long. 

“The test assembly shall be sectioned 
after a minimum time of 72 hours at 





*“It is important that the electrode is 
deposited at a uniform rate. It will be 
helpful to the welder if the electrode is 
marked to indicate the estimated length 
of electrode required to be deposited to 
obtain the specified length and size of 
weld. A half-way mark on the estimated 
length of electrode, together with a chalk 
mark at the half-way distance on the test 
assembly, is also a useful guide to the 
welder.” 
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room temperature (10-30°C.). The sec- 
tions shall then be examined for cracks 
both in the weld metal and in the heat- 
affected zone of the plate.” 


(7) Cruciform Test (see double-T joint) 

This test is essentially a development 
of the double-T joint specimen used 
mainly for weld metal studies but its 
object is mainly to differentiate between 
various qualities of armour steel, which 
are susceptible to heat-affected zone 
cracking when making fillet joints. There 
is no reason why material other than 
armour plate should not be evaluated 
with this test. Dimensions of the test are 
given in Fig. 5. 

For a complete assessment of armour 
steels, three plate thicknesses are usually 
used: 

Plate 

thickness, 

nm 
5 One plate (A) 12* 12 * § 
Two plates (B & C) 6» 12 
I One plate (A) 8» 12 «1 
Two plates (B& C)4™«12«1 
14 One plate (A) 8 « 12 14 
Two plates (B& C)4 «12 «14 


Plate sizes, in 


Before the fillet welds are deposited, 
the whole specimen is ‘tack’ welded. 
During this assembly, jigs are used to 
obtain the accurate fit-up required. Each 
fillet (6 in. long) is welded in the down- 
hand position and is so placed as to 
extend 3 in. on each side of the mid- 
point of the length of the test specimen. 
If cracking in the weld occurs the test is 
declared void. 

Before being examined for cracks the 
weld is allowed to stand for at least 48 
hr, stress-relieved at 595°-650°C. for 
2 hr, and then furnace cooled. 

Cracking is assessed from metallo- 
graphic samples. No cross-section for 
examination must be taken within | in. 
of either end of any fillet weld. 





5x 5'min 





(8) B.W.R.A. 

Steels 

This test was developed for investigat- 
ing the type of cracking found at welded 
joints between steam pipes and headers 
in Cr—Ni austenitic steels. The dimen- 
sions of the test are by no means stand- 
ardized yet, as further work with the 
test is still progressing; a typical speci- 
men found most useful is shown in 
Fig. 6. 

Two types of crack are observed: (a) 
Hot cracks—these occur during welding 
and are extremely small (about 0-030 in. 
deep); and (+) cracks formed during 
heat-treatment—these usually start from 
initial hot tears and propagate some- 
times to a distance of } in. below the 
surface. 

The forms of the heat-treatment cracks 
are very similar to those found in com- 
ponents in services. 


Test for Cr-Ni Austenitic 


Weld Metal Tests 
(9) Pad Test 
This very simple test involves deposit- 
ing One or more (usually several) beads 
on a $ in. thick plate of the material to 
be welded. Cracking is assessed by 
micro-examination of suitable sections. 
It has been mainly used for assessing 
Cr—Ni austenitic weld metal. 


(10) X Weld Cracking Test 

This test has been used mainly to 
study cracking in nickel-chromium-iron 
weld deposits. It consists essentially of 
two 3-in. long pieces of 1|-in. square bar, 
clamped with their edges together to 
form a double-V groove. Welding is 
done by depositing two passes at a time 
on alternate sides, allowing the specimen 
to cool below 40 C. between each pair of 
passes. The sequence using #% in. 
electrodes is shown in Fig. 7. 
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Cracking is assessed by noting when 
the first cracks appear during welding 
Should all the welds appear to be crack- 
free, sections are cut out and metallo- 
graphically examined 


(11) Cylinder Specimens for Electrodes and 
Steels 

The cylinder specimen comprises two 
bars, 2 in. long by 2 in. dia., welded to- 
gether in three passes in rapid succession 
with #& in. electrodes, using the highest 
recommended current (Fig. 8). The 
specimen is then turned over and the 
test weld (4) is deposited on the reverse 
side 

Crack susceptibility is judged by the 
crack length, cratercracks being ignored 
Cracking ts stated to be moderate when 
the total crack(s) length is | in. or less, 
and severe when the cracking is over 
1 in 


(12) Single-T Fillet Weld 


This test consists of welding together 
two plates to form a single-T specimen 


Appearance of 
cracks in weld 
metal 


X crack test specimen 


Test run MN 
No? 


Test run 
No | 


9—Single-T test specimen 


(Fig. 9). The second run is made im- 
mediately after the completion of the 
first pass. The abutting portions are 
machine finished, for rough edges tend 
to reduce the restraint on the fillet welds 


The dimensions of the test, size of 


electrodes, and welding conditions are 
varied to suit the particular application 
in mind. 

Welds which do not crack in either 
run are rated “‘crack-free”. The second 
weld is deposited under greater restraint 
than the first so that if the first pass 
cracks the weld metal is rated as highly 
crack sensitive 


(13) British Standard Single-T Tests 


This is one form of the single-T test 
and has been adopted as a British 
Standard for covered electrodes for the 
metal-arc welding of mild steel and 
medium high-tensile structural steel 
(Fig. 10). For mild steel two test fillet 
welds each of } in. leg length are made 
using 6 s.w.g. electrodes, whereas for 
medium high-tensile steels, the first weld 


Bead sequence 


Ist run started 
at this end 


Method of breaking 
hot cracking test 
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is made using a 4 S.w.g. austenitic 
electrode. 

The following is an extract from BS 
2549:1954 relating to medjum_ high- 
tensile steel: 

“The temperature of the parent metal 
used for making test pieces shall be 10 
30 C. (50-85 F.) immediately before 
depositing the first run of weld metal 

“A 6in. «3 in. plate shall be welded to 
a second plate 6 in. « 6 in. in the form of 
a close square T-joint. The plates 
shall be } in. thick (or 20 Ib). The edge 
of the first plate abutting the surface of 
the second plate shall be prepared by 
machining or grinding, and the gap 
between the parts, after tack welding at 
the ends in preparation for welding, 
shall not exceed 0-10 in 

“A fillet weld 5 in. long and of j in 
leg length shall be deposited in the flat 
position on one side using a single 
4 s.w.g. austenitic electrode. This 
austenitic electrode shall be of the type 


10—British Standard single-T test specimen 


2nd run started at 
this end 


Fillet welds Y, leg 
length made in flat 
position 
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depositing steel containing approxi- 
mately 18° chromium, 7°, nickel and 
not less than 2°, molybdenum. The test 
fillet weld 5 in. long and of } in. leg 
length shall then be deposited in the flat 
position using a single 6 s.w.g. electrode. 
The maximum current of the range 
recommended by the manufacturer of 
the electrode shall be used. For each 
weld the test piece shall be so positioned 
that the slope and the rotation of the 
weld are zero. The test weld shall be 
started at the end of the test piece at 
which the austenitic weld finished and 
the time interval between completing 
the austenitic weld and commencing 
the test weld shall be four to five seconds 

“The slag shall be removed from the 
test weld after the test piece has cooled 
in still air to room temperature and the 
surface of the weld shall be examined 
visually for cracks 

“The second plate shall be slit and the 
welds broken open [as shown in Fig. 10.] 
The test weld shall then be examined for 
evidence of hot cracking as indicated by 
oxidation or temper colouring of the 
surfaces of the fractures.” 


(14) Double-T Fillet Weld 


This is another version of the Cruci- 
form type test. The size of the test and 
welding conditions are varied as re- 
quired. Four fillet welds are deposited, 
each weld being made under more re- 
straint than the previous one (see Fig. 5). 
The severity of the test may be further 
increased by cooling the specimen to the 
original temperature between welds. As 
with the single-T test, machining of the 
appropriate faces and an accurate fit-up 
are essential for genuine and reproduc- 
able results. Besides noting in what 
fillets cracks are first observed, sections 
are taken and metallographically exam- 
ined 

Since the restraint and cooling rates 
developed are higher than in the single- 
T tests, an examination when appropri- 
ate is also made for cracks in the heat- 
affected zone 


(15) Hinds Double Fillet Test 


This test (Fig. 11) has been developed 
from the single-T test. In contrast to this 
test, however, the two welds, the restrain- 
ing weld and the test weld, are laid 
nearly simultaneously. Other features of 
the Hinds test are that the width of the 
top member, which alters the severity of 
the test, is much greater than that of the 
single-T test, and also the restraining 
weld is made with an austenitic elect- 
rode (as in BS.2549:1954). This also 
increases the severity of the test owing to 
the greater coefficient of thermal con- 
traction of the austenite. A fourth 
difference is that the underside of the 
top member is chamfered to prevent 
root penetration by the restraining 
weld. If this happens, unreliable results 
are obtained 


CRACKING 
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(b) 
1 1—-Hinds specimen: (a) Showing restraining 
weld; (b) enlarged view of chamfered 
edge 


In conducting the test, both welds are 
made in the same direction, the test 
weld being laid in the left to right 
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direction. The restraining weld is 
started | in. from the edge of the plate 
and the test weld 1} in. from the edge. 
The restraining weld is 3 in. long and 
the test weld 14 in. long. 

The time interval between the start 
of the two welds is standardized as 
follows: 


For | in. top member the time interval is 
6 sec 

For 1} in. top member the time interval 
is 5 sec 

For 2 in. top member the time interval is 
4 sec 


After completion of the test, the test 
weld is visually examined for cracking. 


(16) Butt Weld Restraint Test 

There are many types of this test. One 
version, the Navy Torture test, is 
shown in Fig. 12 and is used for the 
qualification of austenitic Cr—Ni stain- 
less steel electrodes. This type of test is 
especially useful for assessing weld metal 
in thick plate. 


(17) Lehigh Restraint Test 


This test is used primarily to study the 
degree of restraint that is necessary to 
produce weld-metal cracking. The speci- 
men is a slotted plate 12 8 in. with a 
central groove confined to the mid- 
section of the length (Fig. 13). The 
degree of restraint is altered by changing 
the length of the slots and is expressed 
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14—Naval Research Laboratory restraint test specimen 


numerically by the width of the speci- 
men between the bottom of the slots. 
Different groove lengths are required for 
different thicknesses of material so as 
to provide sufficient restraint to cause 
cracking. Single or multiple deposits 
are made. Cracking is assessed by micro- 
examination. Several specimens are 
required to gain a positive result. 


(18) Naval Research Laboratory Specimen 

This type of specimen (Fig. 14) was 
developed to overcome the disadvantage 
of the Lehigh specimen for which several 
tests have to be made to determine the 
restraint necessary to cause cracking. 
The test consists of a plate 128 in 
with a central groove along the length 


extending from the edge to a distance of 


9 in., where a | in. dia. hole is drilled. 
This arrangement imposes along the 
weld length varying degrees of restraint 
which is at a minimum at the edge 
where welding is commenced and at a 


maximum at the hole where the welding 
is completed. Weld-metal cracking starts 
outwards from the hole, and the extent 
of cracking (crack length) is a measure 
of the crack susceptibility. 


(19) B.W.R.A. Butt Weld Slotted Plate 
Test 
Another test similar to the N.R.L. 
specimen is the test developed at 
B.W.R.A. for evaluating the cracking 
tendency of aluminium metal-arc elect- 
rodes (Fig. 15). Experiments indicate 
that the principle involved could also be 
applied to provide a cracking test for 
welds made by other processes, e.g., 
argonarc or self-adjusting arc. In the 
original work on H.10 alloy the test 
weld was deposited along the open- 
enclosed slot in a rectangular plate 
(12 x 44 x } in.) using a 6 s.w.g. electrode. 
The joint geometry of the slot can be 
varied to suit the particular operation 
in mind. 


10 


The welding conditions used should 
provide full plate penetration at a weld- 
ing speed of about 15 in./min, and also 
70-80°, dilution of the filler additions 
by the plate. 

The minimum slot length at which 
crack-free welds are produced is termed 
the cracking index for the electrode, and 
is expressed as that length in inches. 


(20) Circular Patch Test 

This test consists essentially of weld- 
ing back a circular disc into a square 
plate from which it has been cut. It has 
been mainly used to investigate cracking 
in steels. 

A typical design is shown in Fig. 16. 
The centre patch is tacked in two places 
and then one run is deposited in the 
groove. The weld is deposited slightly 
short of the tacks and the weld craters 
are left open. 

The extent of cracking is measured 
and expressed as a percentage of the 
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total circumferential length of weld 
metal. 





‘ (21) Navy Type Circular Patch Specimen 
Another type of patch test is that 
Quadrant 4. ra developed in the United States by the 
Navy Department, Bureau of Ships, for 
the qualification of low-hydrogen low- 
alloy electrodes (Military Specification 
MIL-E-986 (Ships) ) (Fig. 17). 

The weld is deposited using a block 
sequence in which one block is com- 
pletely welded before starting the next. 
After welding the first block, the block 
| diametrically opposite is welded. The 
| third and fourth blocks are welded 
similarly. After completion of welding, 
the specimen is inspected visually for 
cracks. If apparently sound, weld-metal 
hardness and Charpy (keyhole) impact 
values are determined from sections cut 
from the joint. 


| 
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(22) Circular Groove Test 


This test has been found suitable for 
evaluating the cracking tendency of 
many types of weld metal (Fig. 18). A 
circular groove jj; in. deep is machined 
on a 2 in. square face of a block. Filler 
metal to be tested is then deposited in 
the groove under controlled conditions. 
When the test is used for assessing the 
low-temperature crack susceptibility of 
weld metal, the weld after completion 
is usually cooled rapidly by means of air 
jets placed at a specified distance above 
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18—Circular groove specimen 19—Segmented groove test specimen 
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20 dissembly of bars for finger test 


the block. The total crack length ts 
measured and expressed as a_ per- 
centage of the circular weld length 


(23) Segmented Circular Groove Test 

This test is a modification of the 
circular groove test and is usually only 
used for assessing the hot-crack sus 
ceptibility of weld metal (Fig. 19). It was 
originally developed to evaluate the 
‘notch extension’ cracking encountered 
when welding buckets to gas-turbine 
discs 

The four segments, of which the abut- 
ting edges are usually machine finished, 
are first tacked together, and then the 
test weld is made in one run 

The extent of cracking is determined 
by breaking apart the segments and 
noting the cracked (oxidized) area 


(24) Finger Test 

This is another test used for ‘notch 
extension’ cracking. Figure 20 shows 
the essential feature of the test. Bars 
2°5 in. » 0-650 in. « variable widths (j 
1 in.) are fitted together in a clamping 
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21—Cast iron test block 
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22—-F ISCO test arrangement <—< 


jig with a fixed pressure established by a 
torque wrench. A fusion weld or bead 
weld is then deposited across the 
assembly. The severity of the test is 
aried by altering the bar widths, the 
greater the bar width, the greater being 
the cracking 

The crack length is measured by 
breaking apart the fingers and noting 
the cracked area (see Test 23) 


(25) Cast tron Cracking Test 

This test is essentially a grooved 
retraining block which has been cast 
(Fig. 21). The groove is cleaned with a 
small wheel or rotating burr before 
being welded. The test is used to dis- 
criminate between filler metals and 
welding processes for welding grey and 
nodular cast irons. The groove is filled 
with the filler metal under test. 

The test block is examined visually 
during and after welding for the pres- 
ence of weld- and base-metal cracks. If 
the weld is sound, a transverse 0-505 in 
dia. tensile specimen can be machined 
from it for testing 


(26) FISCO Test 


Basically the test consists of deposit- 
ing one or more successive beads in a 
gap formed between two rigidly clamped 
metal plates. A specially designed jig is 
required (Fig. 22). This comprises a 
solid C-shaped high-tensile steel casing 
C, which is nearly closed-in on top, a 
solid slab F, which ts serrated to prevent 
the plates moving, and a hard steel 
spacer R, which is placed between the 
plates to maintain a constant gap. The 
plates are clamped by means of vertical 
V, and horizontal V, screws. Plate 
thicknesses of 1-40 mm can be accom- 
modated, with gap widths, which alter 
the severity of the test, of 0-6 mm. The 
maximum and minimum widths of plates 
that can be used are 120 and 70 mm res- 
pectively. The plate length is 200 mm. 
The gap width used must not be greater 
than the diameter of the electrode. 

Crack lengths are measured after 
breaking the specimen to expose the 
fractured surface. 

The crack sensitivity of the electrode 
is expressed by the ratio: 


asks 


Total length of crack 


Fa 100 


Average length of four beads 


where a is the gap width 


(27) Boudreau Sheet Cracking Test 

This test consists of applying a 
definite steady tensile load in a sample of 
sheet while an inert-arc weld is made 
normal to the axis of loading. No filler 
is added. 

The stress level at which cracking is 
initiated is the index of the weld crack- 
ing susceptibility of the material 

The size of specimen normally used ts 
1g in. wide by 5{ in. long, but other 
sizes can be used 

In conducting the test the weld is 
commenced and completed away from 
the edge of the sheet, otherwise cracks 
can initiate from the sheet edges and 
give false results 


(28) Houldcroft Fishbone Type Test 


This test was developed for assessing 
the cracking tendency of welds in sheet 
material welded by the argonarc process, 
with or without filler metal. It is based 
on the simple concept that if a weld run 
is started on the edge of a sheet, a crack 
can easily initiate and then propagate 
unless the restraint is in some way 
reduced. The present form of the test for 
fy in. thick aluminium alloys is shown in 
Fig. 23a. The restraint is gradually 
reduced by a series of slots of various 
depths cut into the sides of the test 
piece. The distance the crack progresses 
along the run, before the stress is relieved 
sufficiently to stop it, is the measure of 
the crack sensitivity of the alloy. Edge 
cracking in the parent material, parallel 
to the fusion line, is also observed in 
some cases and can be measured. Six 
tests are usually made and the mean 
crack length computed. 

The test run is made down the centre 
line of the specimen (which is marked to 
assist the welder) starting from the edge 
where the slots are widest apart. Com- 
plete penetration must be obtained and 
a constant weld width maintained. Best 
results are obtained if manual welding is 
employed, for then the welder can vary 
his welding speed at the start and end of 
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welding and thus maintain a constant 
bead width. Mechanical welding is par- 
ticularly troublesome when a range of 
materials is being investigated owing to 
the change in thermal properties 

The welding jig used need be very 
simple (Fig. 23). A carbon block is an 
essential feature of the test; it conducts 
heat poorly compared with the metal but 
conducts the welding current efficiently 
and also provides a convenient starting- 
point for the arc. Fresh carbon blocks 
are used for each single test, thus en- 
suring that at the beginning of the test 
the carbon block ts at room temperature. 


Cover illustration: 


fe 


A view 


SS ass 
LEZLZLLZ Water cooled 24 


MOKA copper block 


in. thick material (increased by 


(b) section through test assembl\ 


(29) Murex Hot Crack Testing Machine 
The operating principle of the mach- 
ine is as follows: A fillet weld is deposited 
in a V formed between two small $ in. 
thick plates, one of which is rotated 
about the point of the V by a known 
amount, independently of the test weld 
contraction (Fig. 24). By varying the 
speed of rotation, the amount of strain 
imposed can be altered; the fixed length 
of the deposit sets a definite time of 
testing. In operating the machine a 
delay of 5 sec after the welder starts to 
deposit the test weld is allowed before 
rotation of the test plate is started. 


WELDABILITY 


Principle of Murex hot crack machine 


Various speeds of rotation can be 
obtained; the strain developed is made 
proportional to the speed of rotation 
and is a function of the V angle, which 
is always initially 90°. The maximum 
angle that can be obtained is 120°. 
Crack length is a measure of the crack 
susceptibility. 


(30) Prokhoroy Machine 


This test is essentially a Russian 
development of the Murex Hot Crack 
Machine. Here, however, the test plate 
consists of a number of fingers which are 
rotated (by a series of cams) in turn at 
different rates as the weld is deposited. 

The strain to cause cracking is a 
measure of the crack sensitivity. 


of the Bristol Siddeley ‘Stentor’ rocket engine 
which is used to power the British ‘Blue Steel’ missile. 


The Stentor burns kerosene with hydrogen peroxide in 
high-pressure combustion chambers. Welding is used ex- 
tensively in the fabrication of the heat-resisting materials 
used in the construction of the rocket engine, and contri- 
butes greatly to its high performance. 
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High-Frequency Induction Brazing 


of Small Components 
IN ARGON STREAMS 


By P. M. Bartle, L.1.M., and J. G. Young, B.SC. 


Some experiments on the use of high-frequency induction brazing in argon 
streams for joining small components in similar and dissimilar metals are out- 
lined. It is shown that filler metals are available for the successful joining of a 
range of material combinations. The technique is particularly valuable for 
joining parts made from non-film forming materials, although the latter may be 
successfully brazed if pre-plating is employed. 


Introduction 


streams is a valuable technique for joining small 

components, in both similar and dissimilar metals. 
It requires the minimum of operational skill, and with 
a little experience can be as easily employed for one- 
off jobs as for production runs. No flux is employed 
and since protection is by external streams of argon 
the time spent in setting up, purging, and dismantlings 
such as would be involved if a chamber were used, is 
reduced to a minimum. 

In the course of a recently completed contract, 
B.W.R.A. successfully applied this technique to a 
batch of components requiring a very high standard 
of joint leak-tightness. It was considered that the 


| Is suggested that h.f. induction brazing in argon 


experience gained on a particular combination of 


metals could be readily extended to a range of mater- 
ials, and this paper reports the results of a preliminary 
study of the use of the technique for joining certain 
similar and dissimilar metals. 

The basic type of joint chosen (Fig. la) was the 
tube-to-plate assembly, since it is of frequent occur- 
rence and lends itself to h.f. induction heating methods. 
litanium was chosen as the plate material for a large 
proportion of the experiments reported, for two 
reasons 
been with the 


(i) Some experience had already 


material 

(ii) Titanium was known to be a difficult material to braze 
Owing to its propensity for alloying with many commonly 
used filler alloys to produce brittle intermetallic com- 
pounds 


gained 


Materials 


The sheet materials used were commercial purity 
titanium (1.C.1. 130) & in. and & in. thick, and 
14 s.w.g. 18/8 titanium stabilized stainless steel. For 
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joints involving studs commercial purity titanium bar 
was employed. 

Tube materials and dimensions are listed in Table | 
and filler wires in Table II. 


Apparatus 
The h.f. power was supplied by a 350 kc/sec valve 
generator, with a maximum output of 6 kW (BS. 


Table I 


Dimensions of tube materials 





External Wall 
Dia., Thickness, 
Material in. in 


0-032 
0-020 
0-032 
0-019 


Copper l 
Mild Steel ] 
Stainless steel (unstabilized) 1 
Stainless steel (stabilized) | 





Table Il 
Filler materials used 





Dia. Temperature, C., 
l sed, of 

, Solidus Liquidus 
A Ag 72 Cu28 779 

Bl Ag 68-4 Cu 26-6 Pd 5 807 810 
B2 Ag 58-5 31-5 Pd 10 2 824 852 
B3 Ag 65 Cu20 Pdl5 2 850 900 
B4 Ag 52 Cu28 Pd 20 879 898 
BS Ag 54 Cu2l Pd25 901 950 


Refer- 


Nominal Composition, 
ence Y 


C 
D 
E 
B6 
B7 
F 
G 
H 
B8 
I 


Au 85 
Agl00 
Ag 85 
Ag 95 
Ag 75 
Aul00 
Cu 82 
Cul00 
Ag 64 
Pd 60 


Ni 15 
Mn 15 
Pd 5 
Pd 20 
Pd 18 


Pd 33 
Ni 40 


1080 


1180 


950 
960°8 


960°8 976 
970 1010 
1000 


1120 
1063 

1090 
1083 

1200 


7 
/ 
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1—Brazed joints: 
(a) Tube/plate; (b) tube/stud 


1799 :1952), to which was connected a single-turn coil 
of copper tube via a step-down transformer. The lead- 
in pipes rose vertically from the plane of the ¥% in. 
internal diameter coil, as indicated in Fig. 2. 

Shielding argon was separately supplied to both the 


Argon in 


Water in 
\ a 


Plate-to-coil 


gap 
Y 
i 





Water out 





Silica tube 


nduction 
coil 











Specimen 


Filler 


| 
Specimen tube \ | 


fF 


ASSEMBLED 


Silica support APPARATUS 


Argon in a 


2—Arrangement of apparatus for brazing 


top and underside of the specimen through silica 
tubes. The upper tube was bonded to the coil, whilst 
the lower formed a specimen support stand as also 
indicated in Fig. 2. 


Experimental Technique 


Preparation of components 

All components were abraded with fine emery 
paper to give a bright finish and were finally degreased 
before assembly. Filler wires were formed into rings, 
and were degreased and preplaced before brazing. In 
one series of tests the stainless steel tube was lightly 
nickel plated. 


Brazing sequence 

The prepared components were placed on the 
support stand and positioned axially within the coil, 
the exact position of the sheet relative to the bottom 
of the coil being determined by the thickness and 
nature of the materials being joined, as indicated in 
Table III. 

Argon purging was carried out for 30 sec, using 
flow rates of 25 cu.ft/hr for each supply, before the 
h.f. power was switched on. A constant output setting 
was employed. The end point of brazing was deter- 
mined by visual observation of the joint in most 
instances, although with tube/stud joints, automatic 
time control was employed. Argon flow was con- 
tinued until the specimens were cold. 


Examination and testing 


Examination techniques included visual inspection, 
microscopic examination, and mechanical testing. The 
test which involved direct tension on the tube was 


Table Il 
Plate-to-coil gaps used 





Thickness, 
Plate Material in, 
Titanium th 
Titanium 
Stainless Steel 


Plate-to-Coil 
Gap, in. 
0-0625 
0-050 


+ 
14 s.w.g. 0-030 
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Table 1\ 


Wetting characteristics of different filler and base metal 
combinations 





Joint Composition and VUetal Wet 
Plate J ube Plate Tube Plate Tube Plate Tube 
/ ] US ‘ SS SS 
(; (; (; 
(; (y (; 
G G G 
G G G 
© ( G 
ts ts Cs 
P P 
(; p 
(; (s 
Gs p 
© ts 
(; (; 
«; C; 
(; qs (; 
Cs Cs 
Cs 





and SS jouned with Alloy F poor results very semilar 
y ( are obtained 
S wetting with onsiderabdle iperheat 


mployed to assess joint consistency and was used for 

a limited number of systems only. The actual load 
values obtained for different series of specimens are 
not comparable owing to the variations in specimen 
dimensions noted in Tables | and V 


Results 


Wetting behaviour 

Wetting behaviour as assessed by visual and micro- 
graphic examination ts summarized in Table IV 
Wetting of titanium was easy with all fillers except 
Alloy C, and, as expected, with many alloys there was 
a strong tendency to erosion and excessive alloying 
With silver (D), and gold (Ff), good wetting was 
obtained without alloying. Alloy B6 also gave good 
wetting without excessive alloying 

The wetting of copper presented no problems with 
the limited range of fillers of suitable melting point 
The wetting of mild steel in combination with titanium 
proved difficult only with Alloys D, B6 and ¢ 

Stainless steel (both Ti stabilized and unstabilized) 
in combination with titanium was easily wetted by all 
fillers except those which did not alloy excessively with 
titanium i.e., Alloys Fk, D, B6, and C. Metallographic 
examination showed a phase rich in Ti adjacent to the 
stainless steel tube, as shown in Fig. 3 

In the case of stainless-steel/stainless-steel joints, 
experiments on which were prompted by the results 
obtained on the stainless-steel/titanium combination, 
wetting was generally much less satisfactory, as will 
be observed from Table IV. Some alloys behaved 
better with a high degree of superheat, and this has 
been noted in the table. One specimen was prepared 
with a composite filler consisting of a ring of copper- 
silver eutectic and a ring of titanium wire, and this 
filler wet the stainless very well. However, it con- 
tained rather too much titanium and consequently its 
joint filling properties were poor. A further specimen 
was brazed with silver-copper eutectic using nickel 
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plating as a pre-treatment procedure 


ated the need for superheat (Figs. 4 


Joint fillong 
Brazing clearance was not 
gated but gaps of from not 


Stainless steel titanium brazed with Alloy B2. 


phase adjacent to the stainless steel and the 
phase 


showing Ti-rich 
racking in this 
150 


Nickel plated stainless steel| stainless steel brazed with Alloy 
1, showing good wetting of the nickel plated stainless steel 


Stainless steel|stainless steel brazed with 
similar conditions to the specimen of Fig 
wetting of unplated stainless steel 


< 200 


Alloy A unde 
4 showing poor 
100 
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Table V 


Strength tests on brazed joints (room temperature) 





Materials 
Tube Filler 


Mild Steel A 
B2 
BS 
B7 
I 
H 

18/8 SS unstabilized A 
B2 
B4 
G 

18/8 SS stabilized aN 
B 
B4 
BS 

Copper A 
B 
I 


Plate 


Lin. CP Ti 


& in. CP Ti 


Mild Steel A 
Bl 
G 
18/8 SS unstabilized A 
B 
18/8 SS stabilized BN 
B 
B2 
B4 
I 
18/8 SS unstabilized + 
H 
E 
18/8 SS stabilized F 


CP Ti Stud 


14 S.W.g. SS 


Range of Breaking 


Number of Joints 
with Max 
Properties 


3 out of 3 
3 out of 3 
3 out of 
2 out of 
0 out of 
2 out of 
0 out of 
1 out of 
0 out of 
0 out of 
0 out of 
0 out of 
Joint 0 out of 
Joint 2 out of 
Joint or tube 2 out of 
Tube 3 out of 
Tube 0 out of 
Tube 3 out of 
Joint or tube 3 out of 
Joint or tube 3 out of 
Joint 0 out of 
Joint 1 out 
Joint 2 out 
Joint 0 out 
Joint 2 out 
Joint 0 out 
Joint 0 out 
Joint or tube 2 out 
Joint 0 out 
Joint 0 out of 3 
Tube 3 out of 3 


Position of Fracture 
Loads, tons 


0-180-0-190 
0-185-0-190 
0-190-0-195 
0-165-0-190 
115-0-170 
0-180 
225-0-235 
125-0-360 
105-0:220 
125-0:265 
105-0-170 
0:040-0-180 
0-125-0-190 
0-160-0:220 
0-105-0-130 
0-130 
)-100-0-125 
0-195 
0:185-0-195 
0-195 
0:220-0:345 
0-300-0-360 
0-160-0:215 
0-190-0:205 
0-215-0-220 
0-130-0-180 
0-105-0-210 
0-315-0-380 
0:275-0:305 
0-125-0-165 
0:210-0:215 


Tube 
Tube 
Tube 
Joint or tube 
Joint or tube 
Tube 
Joint 
Joint 
Joint 
Joint 
Joint 
Joint 


DN wt ee a a ee ee We es as I es es 





employed. Generally speaking, the minimum clear- 
ance was required for joints that included titanium, 
and the larger clearances were needed for the stainless 
stainless combination. Where wetting of both com- 
ponents was satisfactory, joint filling was also normally 
good, but the particular type of specimen used in the 


investigation does not represent a very severe test of 


joint filling ability. 


Cracking 

Cracking was a problem in some instances, par- 
ticularly where the freezing range of the filler was large 
or extensive alloying with titanium occurred. Differ- 


ential expansion effects were a contributory cause of 


cracking, particularly when stainless steel formed part 
of the combination. The latter problem was alleviated 
to some extent by the use of a stud type of joint (see 
Fig. 14). An example of cracking in the titanium-rich 
phase is shown in Fig. 3. 

Details of cracked specimens have not been tab- 
ulated, but cracking susceptibility has been taken into 


consideration in preparing the general summary of 


suitability of fillers presented in Table VI. 


Strength tests 


Detailed room-temperature strength test results are 
given in Table V. The range of loads over which 


specimens fractured is given, and an indication of 


consistency of joint quality may be obtained from the 
proportion of joints giving the maximum strength 
with each tube material. Good quality joints were at 
least as strong as the tube material in the case of mild- 


Steel/titanium and copper/titanium but high strength 
was more difficult to attain with stainless-steel 
titanium, and failure always occurred in the joint, 
albeit sometimes at stress levels very near to the 
strength of the tube material. 

No strength tests were carried out with nickel 
plated tubes nor with filler materials containing 
titanium. 


Discussion 


There is no apparent difficulty in finding suitable 
filler materials for induction brazing in argon streams 
provided that the parent materials are non film- 
forming. (Titanium dissolves its own oxide film.) 
Although there was titanium in all the materials under 
review it may be reasonably inferred that its presence 
is not essential, and in fact small components of dis- 
similar non film-forming alloys have been satis- 
factorily brazed in the laboratory using this technique. 

For the copper/titanium joint combination, the 
choice of filler materials is limited by melting point 
considerations, and the most satisfactory fillers are 
the silver-copper-palladium and silver-copper eutectics. 
It was not found possible to produce a joint without 
extensive alloying with the titanium but nevertheless 
sound and strong joints were obtained. 

With titanium/mild-steel joints, the choice of 
satisfactory fillers is wider, the best results having 
been obtained with copper, silver-copper, copper- 
palladium, and silver-copper-palladium alloys. Copper 
would, in fact seem to be an essential ingredient for 
good wetting and joint filling in this combination. 
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Table, VI 


Summary of suitability of fillers for various joint combinations 
without plating 





Joint 
7Ti/MS 7Ti/SS 


Filler 

Alloy 
A 
B 
B2 
B3 
B4 ‘ 
BS S 
¢ MP 
D MP 
f MP 
B6 MP 
B7 MP 
I MP 
G MP 
H MP 

MP 

I MP 


eCTONCCVnNNNNND 


awn 48 
COANE CCARECARUAAARA 


COM!) NeeNecNnccccccaY% 





* Alloy F is suitable for joining mild steel and Ti at slow to 
moderate heating rates but will not produce a good joint with 
superheating 


S~Suitable U-= Unsuitable MP=melting point too high. 


Satisfactory joints, though possible, are less easy to 
make when stainless steel is included in the combina- 
tion. Two types of 18/8 stainless steel tube were 
experimented with, an unstabilized variety and one 
stabilized with a nominal 1°, Ti. Contrary to popular 
belief, the Ti-stabilized variety did not give increased 
wetting problems, and indeed the strength tests 
indicate that good joint production was perhaps 
slightly easier than with the unstabilized steel. 

A significant feature of the wetting test results, 
reported in Table IV, is the difference in the be- 
haviour of various fillers on stainless steel tubes with 
the two different plate materials, namely titanium and 
Stainless steel. The improvement in wetting of the 
Stainless tube resulting from the solution of titanium 
in the filler alloy is noticeable and has been confirmed 
by brazing a stainless/stainless combination with a 
filler containing a large proportion of titanium, when 
wetting behaviour was extremely satisfactory. In 


6—Stainless steel/titanium stud brazed with Alloy B4 < 23 


practice a smaller proportion of titanium in the filler 
would probably improve joint filling characteristics. 
The use of direct nickel plating on stainless steel has a 
beneficial effect and allows the use of fillers that would 
otherwise not wet the stainless steel or would require 
considerable superheat. 

The problem of cracking, which was thought to 
occur because of differential expansion effects between 
stainless steel and titanium, was significantly reduced 
by the use of the stud type of joint rather than the 
tube-to-plate joint. Strength was not improved, how- 
ever, owing to unsatisfactory joint filling. It is thought 
that a different joint design would give improved 
results. The filling characteristics of the stud joint 
used are illustrated in Fig. 6. 

The summary in Table VI indicates the suitability of 
various fillers for each combination of parent mater- 
ials. In compiling this table, the authors have taken 
into account visual appearance, metallographic 
evidence and, where applicable, consistency of joint 
production as indicated by mechanical tests. 


Conclusions 


High-frequency induction brazing in argon streams 
is a technique worthy of consideration when circum- 
stances do not justify the provision of a hydrogen, 
vacuum, or inert-gas chamber. A suitable filler may be 
found for most combinations of materials, although in 
some instances pre-plating of one or both of the 
components may be necessary. 
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Use of Welding in Chemical Plants 
in the U.K.A.E.A. 


By F. S. Dickinson, A.M.1.MECH.E., A.M.INST.W., and B. Watkins, M.SC., A.1.M. 


General features of 18%, Cr-13%, Ni-Nb fully austenitic stainless steel, as 
widely used for chemical plants handling radioactive processing liquors, are 
discussed. Indications are given of the controls applied to ensure freedom from 
cracking, and methods of pipe branch connections are presented. 

A unique problem facing the designers of such chemical plant is that of 
‘criticality’. This entails careful design to avoid chain reactions when highly 
enriched materials are involved, and the systems to safeguard against this 
hazard are treated in some detail. 

The difficulties encountered during the fabrication of components in Monel 
and Inconel are described; it appears that consistency of quality cannot be 
assured with the same certainty as with the stainless steels. For most of the 
vessels manual metal-arc methods were used, but for pipework and where access 
for welding from one side only prevailed argonarc techniques with appropriate 
filler wires were essential. 

Metallurgical studies of some corrosion failures during the initial operation 
of plant manufactured from nickel-bearing materials indicated that better 
corrosion resistance, for the particular service conditions, could be obtained 


when niobium was excluded from the weld metal. 


chemical plants associated with the U.K. Atomic 

Energy Programme is extremely high, even when 
the materials contained have not been radioactive. 
Certain vessels are peculiar to the nuclear field in that 
they contain highly radioactive materials such that 
their repair is impossible, or are of unusual shape (for 
criticality reasons), or handle highly enriched materials 
of considerable financial value. 

The Chemical Separation Plant for the extraction of 
plutonium from irradiated fuel elements at Windscale 
has now completed about 10 years’ service without 
leakage. This is particularly noteworthy since some 
5000 tons of welded plate ranging from } in. to 1} in. 
thick, together with approximately 50,000 pipe butt 
welds, were used in its construction. 

The increased volume of irradiated fuel to be 
processed from nuclear reactors operated by the 
U.K.A.E.A., and from the gas cooled reactors now 
being constructed for the C.E.G.B. nuclear power 
programme, has made necessary a _ considerable 
extension to chemical processing facilities, and the 
fabrication of vessels in 18°, Cr-13°% Ni-—Nb stainless 
steel is still continuing on a large scale. 

This paper presents some of the problems en- 
countered in the construction of these vessels, and in 
particular indicates the welding techniques developed, 


T: STANDARD of weld quality demanded in 





Manuscript received 22nd July, 1960. 
The authors are with the D. and E. Group, R. and D. Branch of 
the U.K.A.E.A., Culcheth. 591 


with the co-operation of British Industry, in the 
manufacture of high-quality products. 


Welding Fully-Austenitic Stainless Steels 


It is now well known that fully-austenitic stainless 
steel of 18% Cr-13°% Ni-Nb composition has been 
extensively used in the construction of chemical plant 
handling highly radioactive process liquors. The tech- 
niques adopted for the welding of this material to a 
virtually defect-free standard have been adequately 
described previously.! 

This material was selected on the grounds of 
improved corrosion resistance over that obtainable 
with 18° Cr-8% Ni steel for varying concentrations 
and temperatures of nitric acid solutions. Table I 
indicates the relative corrosion rates of these materials 
and the rate of attack to be expected when metal-arc 
welding is used. 

The susceptibility to cracking of a fully-austenitic 
steel makes successful welding with a deposit of 
matching composition largely dependent on the degree 
of restraint imposed and the cooling rate of the weld. 
Since joint geometries differ so widely, the general 
application of a reliable method must cater for the 
worst conditions, and so electrodes have been used to 
give a duplex deposit of austenite and ferrite. Applying 
the limits of composition given in Table II for manual 
metal-arc electrodes, it is impossible to obtain a fully- 
austenitic undiluted deposit. It will be noted that the 
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Table I 


Relative corrosion rates of 18/13 and 18/8 parent plate and welds 
made with 18/9 metal-arc electrodes 





Duration 
of Test, 


Material HNO, Concentration 
3N 6N 12 N 
Mean Penetration Rate, 

mm/yr 
0-18 1: 
0-18 1- 
004 O- 
004 0 


18/8/Ti plate 

18/9/Nb weld on 18/8Ti 
18/13/Nb plate 

18/9/Nb weld on 18/13/Nb 


0-04 
0-02 
0-01 
0-01 


4 
8 





All solutions boiling under reflux condensers. 


Table Il 
Composition limits for 18°,, Cr-9°,, Ni electrodes 





Maximum, ° 


0-1 
0-8 
0-75 1-5 
18 20 Cr/Ni ratio shall be 
s between 2-0 and 2-4 
10 « Carbon 


Minimum, ° 





percentages of Cr and Ni are inter-related, and it can 
be shown, by using the well-known Schaeffler diagram, 
that electrodes can contain between 2 and 16%, ferrite, 
depending on the Cr and Ni equivalents. These 
extremes have never yet occurred, and experience over 
a number of years has shown a range of 6-9°, to be 
possible. 

Welding with manual electrodes, to give a weld 
metal of controlled ferrite content, is a well proven 
practice. The increased dilution obtained in automatic 
welding would require a revision of the specification 
indicated in Table II, possibly varying according to the 
particular automatic method envisaged. The majority 
of welding is thus still being done by manual metal-arc 
methods, tungsten argonare being applied on pipe 
welds or joints where access is only possible from one 
side. 

Whilst metal-arc welding is invariably done in the 
downhand position, pipe welding techniques are 
applied in all positions and bring particular problems. 
For simple butt welds it has been found possible to 
control initial root bead penetration by using argon- 
arc welding alone, if the edges are prepared as shown 
in Fig. 1. A perfect abutment of root faces is necessary 
and careful control of dimensions is important for 
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1—-Weld preparation for 18°, Cr-13°%, Ni-Nb pipe butt weld 


several reasons. The root face must be of sufficient 
depth to ensure consistency of penetration without 
being so thin as to allow burn-through when the joint 
is subsequently metal-arc welded. Flexibility is also 
useful and for this the somewhat generous ‘land’ of 
4 in. on each side of the joint line is adopted. Using 
this technique, inter-connecting pipework (generally 
the thinnest section of containment) is of uniform 
composition against the corrosive liquors being 
processed, and the welds have a somewhat improved 
corrosion resistance over those made in the main 
vessels by metal-arc methods and duplex electrodes. 
Difficulties in pipe welding, irrespective of material, 
reach a peak on branch connections. For 18°, Cr 
13° Ni-Nb pipe, in which the first run is argonarc 
welded, it becomes even more important to have 
accurate fit between the two members to be joined. 





7 
L 
L 


7 


Hole in main pipe to 
permit forming operation 








2— ‘Pulled tee’ branch weld preparation 


The ideal form for a branch connection would be a 
stub or tee joint (Fig. 2), but the heavy gauge wall 
used (Table III) makes the forming operation difficult. 
A number of preparations are in use which permit root 
fusion techniques to be applied (Figs. 3a and 4) but 
careful hand fitting is necessary. 

Backing sleeves or backing bars, whether of the 
same stainless steel, removable later by machining, or 
of copper, have been essential for making certain 
joints. Although these are accessible for welding from 
one side only, they are so rigid that root fusion methods 
(or indeed the use of ferrite-controlled filler wire and 
argonarc methods) result in major weld cracking. The 
increased volume of weld metal from metal-arc 
methods, coupled with faster welding speed, gives a 
more substantial first run with relatively rapid weld 
cooling. This, in conjunction with the duplex nature of 
the deposit after dilution, enables crack-free welds to 
be made. Removable copper backing bars are useful in 
providing a smooth penetration bead that requires no 


Table Ul 


Pipe sizes in 18°, Cr-13°% Ni stainless steel 





Nominal Bore Outside Dia., Wall Thickness 

in. in. in. 

} 0-144 

1} ; 0-160 

0-176 

0-192 

0-212 

0-232 
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Gap not to 
exceed 0-005 














3—Branch pipe weld preparations for 18% Cr-13% Ni pipe: (a) Original form; (b) modified form 


subsequent machining and still permitting the direct 
use of metal-arc welding. Care, however, is necessary 
in making join-ups, and craters must be meticulously 
cleaned to prevent crater cracks being left unfused on 
continuing the weld run. Metallographic examination 
has shown that no copper contamination occurs. 


r 


Backing sleeve 
45° bored out after 
“Y — welding 





| Ho | 














4— Backing sleeve preparation for metal-arc welding 


The method of fitting a backing sleeve inside the 
branch pipe (Fig. 4) avoids the need for precise fitting. 
It is of course necessary to be able to bore out the 
backing sleeve after welding is complete so that a 
crevice-free surface is presented to the corrosive 
medium. Although it must be admitted that the weld 
metal in contact with the corrosive medium is no longer 
the same as the base material the rate of attack will be 
no greater than that experienced on the metal-arc 
welds in the vessel seams; the technique has further 
merit because of reduced distortion. When closure 
near to the branch is demanded distortion is import- 
ant, and circularity of the main pipe is essential to 
permit root fusion methods to be used on this closing 
weld. 

Some chemical plant made in 18% Cr—13°% Ni-Nb 
Stainless steel does not operate in a highly active 
environment and thus can be inspected or repaired if 
necessary. One such plant for dissolving plutonium 
Slags suffered severe weld corrosion in a relatively 
short time when metal-arc welding with ferrite- 
controlled electrodes was used. This preferential weld 
attack, arising from an appreciable fluoride content in 
conjunction with nitric acid, was considerably reduced 
by using a 25°% Cr—20°, Ni-Nb deposit. The use of 


such deposits is dependent on the geometry of con- 
struction and cannot be recommended for general 
application. The degree of restraint in this case was 
such that cracking did not take place. Moreover, as the 
weld metal was more noble than, and thus cathodic to, 
the 18° Cr-13°% Ni-Nb parent plate, selective weld 
metal attack was avoided. The relative corrosion 
resistance of a number of different weld metal compo- 
sitions in nitric-hydrofluoric acid mixtures has been 
tested; although the nature of the attack makes 
quantitative comparison difficult, it is apparent that a 
65° Ni-35% Cr alloy has useful possibilities. At 
present, however, such welds can be made only by 
inert-gas welding techniques. Furthermore, care has to 
be observed in welding since random orientation 
cracking can result if restraint is high. The somewhat 
improved resistance of a 28 °%% Cr-20°% Ni deposit over 
that of 25° Cr—20°% Ni-Nb is noteworthy since more 
freedom of application is theoretically possible; but 
such deposits have not yet undergone service operation. 


Criticality Considerations 


A unique problem facing designers of chemical 
plant for the processing of spontaneously radioactive 
materials is that of avoiding a ‘critical mass’. If either 
Pu 239, U 235, or U 233 is allowed to accumulate 
under certain conditions, a chain reaction can start 
which results in a large and rapid build up of heat, 
with serious radiation hazards. In view of this critical- 
ity hazard these vessels are designed in such a way that 
the mass of fissile material present cannot assume 
critical proportions. 

It is important to realise that vessels designed to 
conform to criticality requirements can still be classed 
as either “active” or “inactive” although both are 
handling potentially radioactive materials. “Active” 
vessels are those in which the fission products, arising 
from fuel irradiation in the nuclear reactor, are still 
present in the material being processed, as well as the 
Pu 239 and the residue of U 238 and U 235. These 
fission products radiate high levels of beta and gamma 
activity and therefore demand appropriate shielding. 
For these vessels 18°, Cr—13°, Ni-Nb stainless steel 
is used with full weld radiography since repair is not 
possible after installation. “Inactive” vessels are hence 
handling Pu 239 and the remaining U 238 and U 235 
after the extraction of the gamma radiating fission 
products, and thus can be inspected and repaired 
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Tabie IV 


Critical conditions for sustaining a chain reaction in a spherical 
vessel immersed in water 





Concentration, 
g/litre 


Fissionable Vass, Volume, 
Vaterial x litres 

U 235 (93-5°,) 790 5-2 11-6 

U 233 588 3-5 10-9 

Pu 239 509 5-0 7:3 





Table V 


Critical dimensions for water-reflected vessel types 





Slab 
Thickness, 
in 
U 235 (93-5*.) 8-5 : 1-3 
U 233 ] , 0-5 
Pu 239 1-7 


Fissionable Sphere dia., Cylinder 
Material in dia., 





should this ever be necessary. Such vessels are made 
from 18°, Cr-8°, Ni-Nb (or Ti) stainless steel and 
allow the designer more freedom, since the requirement 
of full weld radiography is not so essential. 

Factors to be considered in design include the mass 
and volume of the material to be processed together 
with its concentration, the amount of neutron escape 
through the walls of the vessels, the possible reflection 
back of neutrons into the system from the surround- 
ings, the use of absorbing materials such as cadmium 
or boron in the processed materials, and the likelihood 
of inter-action between neighbouring vessels handling 
these materials. 

For any particular set of plant conditions, there is a 
certain critical mass, volume, and concentration of 
fissionable material below which a chain reaction 
cannot be sustained. Since a spherical container has a 
minimum surface-area/volume ratio, the neutrons 
escaping during reaction will be a minimum. If it is 
now assumed that such a container is completely 
immersed in water of infinite volume, the majority of 
escaping neutrons will be reflected back into the 
system. Table IV lists the limits below which reaction 
will not be sustained under the worst conditions as 
above, from which it will be appreciated that only a 
small quantity of material could be processed in any 
one container. Fortunately, by increasing the surface- 
area/volume ratio, even with maximum reflection back 


Batch System 
Batch of Solid + Batch of Acid 


Mass Controlled Geometry Controlled 





Slab 

1} in thick 
max. 
(Imprac- 
tical for 
large 
volumes) 
(Fig. 7) 


Annulus 
Internal 
rad. 24 in. 
min. 
Annular 
gap 1} in. 
max. 


Pot type 
(Fig. 6) 


Cylinder 
5 in. 1.D. 
(imprac- 
tical for 
large 
volumes) 


5— Systems of criticality vessels 


by water, a considerable improvement is obtained. 
Table V indicates that for Pu 239 a cylindrical vessel 
not exceeding 5-0 in. in diameter can be of infinite 
length and hence of infinite capacity. Likewise a slab 
type of vessel can in theory be made of any desired 
size provided that its width is not greater than 1-7 in. 

Vessels may be designed by controlling the mass of 
product to be processed or by making them to ‘ever- 
safe’ standard by consideration of geometry. In the 
former type the vessels are made to a specific size so 
that a critical mass for the given conditions cannot be 
obtained, but considerable control of the process is 
necessary to ensure that the particular concentration 
of fissionable material does not increase above that for 
which the vessel size is safe. With the geometrically 
designed type, which will handle any concentration of 
product, plant supervision need not be so stringent. 
Figure 5 shows the breakdown of the various types of 
vessel, each of which has particular merit viewed 
either by its ease of manufacture, its economical use of 
plant space, or its functional reliability. The simplest 
form of construction is the mass control type in which 
a pot type of dissolver is surrounded by a steam heating 
jacket (Fig. 6). This presents no manufacturing diffi- 
culties and can be radiographically inspected to a 
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6—Pot type of construction 


critical degree. Unfortunately, depending on the 
volume of material to be processed and its concentra- 
tion, a large number of such vessels might be required 
which, coupled with the necessary supervision re- 
quired for controlling the process, could be an un- 
economical proposition. 

The geometrically safe type, in which a pipe of 
restricted diameter is used, could in theory be made of 
infinite capacity. Naturally, a restriction must be 
placed on length or the pipe so disposed as to avoid 
inter-action between the various vessels. No manu- 
facturing or inspection difficulties are presented but 
the plant space required for housing the assembly is a 
vital consideration. 

Since full radiographic inspection can be used in 
both the foregoing types, they may be permitted to 
handle “‘active’’ solutions and are constructed from 
18°, Cr-13°% Ni-Nb stainless steel. 
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An alternative method, in which two concentric 
cylinders form the containment, also offers a solution. 
Whilst manufacture is relatively straightforward, there 
are two disadvantages. Firstly, the fabricating cost is 
high considering the volume of material it can handle 
and, secondly, if a leak should occur on the inner 
vessel wall a critical mass might easily accumulate 
unless suitable precautions were to be taken. This 
further reflects on overall cost and does not make the 
design attractive. 

A further method, which is frequently used for 
processing “‘inactive’’ material, is the slab tank. This 
type of vessel can be made geometrically safe for any 
condition but again has disadvantages. For the amount 
of material handled the cost of fabrication is high, and 
to maintain the width between fairly critical limits a 
careful manufacturing procedure must be followed. 
The difficulty of making, for example, vessels 4 ft 
deep, 8 ft long and only } in. wide will be readily 
appreciated and, because of the support required 
between the vessel walls, welds free from crevices and 
capable of radiographic inspection are not practicable. 
It is, however, possible to make a continuous butt weld 
for the main containment by suitable forming of the 
plate edges (Fig. 7) but even so, radiography is 











7—Slab dissolver details 


impracticable because of lack of access for positioning 
the film. Control of penetration by argonarc tech- 
niques can be used and introscopic examination 
applied to ensure consistency of penetration. Figure 7 
also shows the method adopted for supporting the 
wall of such vessels, and since the plant can he 
repaired the associated crevices are accepted. 


Chemical Plant Handling Hydrofluoric Acids 


The information so far presented has dealt with the 
use of welding in plant designed for the processing of 
nuclear fuels after they have been irradiated. Since the 
efficiency of nuclear reactors is essentially dependent 
on the quality and consistency of nuclear fuel, high 
purity material is essential. In the chain of refining 


processes the useful properties of uranium-tetra- 
fluoride and uranium-hexafluoride have played an 
important part, and the production of these com- 
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pounds has led, in recent years, to the building of an 
extensive plant for chemical processing at high 
temperatures using hydrofluoric acids.* Since all 
concentrations of HF in both liquid and vapour states 
are involved, the nickel alloys Inconel and Monel 
have been extensively used, and the development of 
techniques to enable high quality welding to be con- 
sistently obtained has brought particular problems. 
These materials have, of course, been welded for many 
chemical plants satisfactorily for a number of years, 
but for the particular plant in question virtually defect- 
free welding as assessed by radiography to 1% 
sensitivity had never before been demanded on such a 
large scale. 

The welding processes involved were all manually 
applied, following the same lines as those adopted for 
stainless steel vessels inasmuch as metal-arc welding 
was used in the construction of the vessels themselves 
and tungsten argonarc welding was applied exclusively 
on pipework. 


Welding of Inconel 

The main chemical reaction vessels operating at 
approximately 500°C. at a design pressure of 250 
lb/sq.in, were constructed from Inconel rather than 


8—Radiographs of welds made with Inconel 132: (a) Electrode 
positive; (b) electrode negative 


Monel because of mechanical considerations. These 
vessels are some 33 ft long, 3 ft 6 in. dia. reducing to 
2 ft 6 in. dia. by means of a conical section, and } in. 
thick. 

Whilst reasonable success had been obtained on 
Monel of this thickness using manua! metal-arc 
methods it was evident during the production of the 
initial test plates that a higher level of porosity was 
likely in Inconel. The application of Inconel 132 
electrodes in the recommended manner resulted in a 
high level of porosity, which numerous vaiiations of 
technique did not significantly reduce. However, when 
the electrodes were connected to the opposite pole of 
the d.c. supply (i.e., to the negative) a considerable 
improvement was obtained (Figs. 8a and 5). This 
improvement was rather surprising, since in a non- 
ferrous material it is unusual to find an electrode that 
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will run satisfactorily on either polarity and still more 
unusual to obtain better results in the manner now 
indicated. No tendency to slag entrapment or lack of 
fusion was found since arc stability was still good, 
although more skill was necessary when 6 s.w.g. 
electrodes were used. Before production was allowed 
to proceed, six procedure plates were prepared, some 
of which were curved to simulate circumferential 
seams, and on the satisfactory evidence from these 
plates vessel manufacture commenced. 

It became apparent during construction that the 
weld quality was not consistent with that proved on 
the procedure plates, and a number of further in- 
vestigations were undertaken. These investigations, 
covering variation in root gap, open circuit voltage of 
welding equipment, operator comfort, electrode size, 
interpass temperature, and overall cooling rate, did 
not reveal the reason for the inferior welds. 

By this time supplies of a different electrode, of a 
type not manufactured since 1955, had become 
available. The objections raised by American users, 
which had led to its withdrawal, were said to be 
difficulty of slag removal and the requirement of an 
immediate re-bake to 250°C. for 2 hr before use. 
Neither of these two objections caused embarrassment 
to our programme since it was found essential to use 
grinding wheels to remove all traces of slag between 
runs with the Inconel 132 type (and in addition to 
remove surface porosity in each weld run), and re- 
baking of electrodes at 250°C. was already a require- 
ment of the existing technique. These electrodes, 
designated BP24 type, produced welds of consistently 
good quality when run in the recommended manner 


with the electrode positive, and manufacture proceeded 
with relatively little trouble thereafter. 


Welding of Monel 

By far the largest number of plant items were con- 
structed from Monel, ranging in thickness from + in. 
to 4 in. The design necessitated the construction of 
cylindrical vessels with dished ends. In some sizes, i.e., 
6 ft dia., the dished ends were cold formied and an- 
nealed, but in others hot-forming was necessary. The 
knuckle radius is subjected to a high tensile and bend- 
ing stress during this forming operation, and con- 
siderable cracking occurred in the earlier pressings 
(Fig. 9) 


9— Severe cracking in incorrectly pressed Monel dished end 
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During heating prior to hot forming, high sulphur 
and reducing atmospheres must be avoided to elimin- 
ate the possibility of embrittling grain boundary films, 
but the heat-treatment cycle must also be rigidly 
controlled. Prolonged heating above 1100°C. causes 
excessive grain coarsening and it is advisable to 
complete the forming operation above 850°C. When 
these precautions and the necessary degree of technical 
control were followed, satisfactory pressings were 
manufactured. 

Early indications of the weld quality to be expected 
with metal-arc welding were obtained on } in. thick 
material, and a high quality seemed assured. But 
though this was generally true for } in. and in. 
thicknesses more difficulty was experienced on } in. 
material, and when j in. was attempted the trouble 
was acute. Whilst slag inclusions and lack of fusion 
were occasionally encountered, the large majority of 
defects were again pores and pipes. The original 
welded seams were often of high quality but required 
localized repairs to conform to specification. Extreme 
difficulty was experienced when making repairs, and 
only too often dimensional accuracy was lost owing to 
repeated attempts at repair and eventually weld crack- 
ing resulted. The onset of cracking could not be 
predicted, for seams offering similar restraint had 
sometimes cracked after two repairs whilst others 
underwent four or five operations without difficulty. 

In the thinner sections tungsten argonarc methods 
using Monel 60 filler wire were tried. Whilst, in general 
better weld quality was obtained on the original weld, 
repair was even more hazardous since the slower 
process led to more rapid grain coarsening, and crack- 
ing occurred more frequently. 

It should be appreciated that although the weld 
quality strived for was considerably higher than any- 
thing previously attempted, repair would still have been 
necessary under any acceptance code for certain 
defects and thus trouble still encountered in their 
rectification. 

In spite of the most meticulous care, therefore, in 
adhering to cleanliness of parent plate and the welding 
materials, the use of highly-skilled operators and most 
careful supervision, the consistent reproduction of 
high quality welds does not appear to be assured using 
currently available welding materials. 

The use of the inert-gas metal-arc systems was an 
obvious consideration, but on the evidence presented 
they offered no better guarantee of freedom from 
porosity. This applies equally well to nickel and 
Inconel, and it is understood that efforts are now being 
made to investigate thoroughly the mechanism of pore 
formation in the nickel alloys so that in future high 
quality welding as assessed by the best radiographic 
techniques available may be more readily assured. 


Pipe welding 

Interconnecting pipework in Monel, of sizes | in., 
2 in., and 3 in. nominai bore pipe, with wall thickness 
of 0-080, 0-104, and 0-128 in. respectively, was ex- 
tensively used. The positional welding of pipes on site, 
to give a sound weld, free from crevices and oxidation 
to the internal bead, brought particular problems. 
Control of penetration was obtained using tungsten 
argonarc techniques, and air was purged from the 
pipe interior by suitable admission of inert gas. 





DICKINSON 


Because of the relatively thin wall of the pipes, argon- 
arc rather than metal-arc techniques, were also used 
for subsequent runs. It is well known that Monel 
cannot be gas welded (as is the case for stainless steel) 
because of a high incidence of porosity. The specially 
deoxidized filler wire, Monel 60, must thus be added in 
a manner to ensure that the net weld pool contains 
approximately 50°, of filler metal. Failure to do this 
can result in major porosity, as can be seen from 
Fig. 10. This particular weld, however, indicates the 
desirability of radiographic examination, since the 


10—Section through Monel pipe weld showing excessive porosity) 


internal and external surfaces of the weld are entirely 
satisfactory. Butt welds in the three sizes mentioned 
were consistently produced to high quality (Fig. 11) 
using the preparations shown in Fig. 12 after welders 
had become accustomed to the manipulation required 
for the addition of sufficient filler metal. It is, never- 
theless, important to have a tight fit of butting sur- 
faces, otherwise inconsistencies can still arise 

Argon is commonly used to ensure a smooth 
oxidation-free internal bead surface but nitrogen was 
found to be equally effective. No indication of nitrogen 
pick-up could be detected in the welds, and mechan- 
ical and corrosion properties did not suffer. A tight 
butting joint face is even more necessary when nitrogen 
is used as purging gas, since any poor fit will lead to 
the entry of nitrogen to the arc atmosphere and so 
cause marked porosity even if the actual welding 
technique is performed in the approved manner. 

It is also well known that the addition of controlled 
amounts of hydrogen to the argon shielding gas can 


11—Section of Monel pipe butt weld 
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12— Weld preparations for Monel pipe butt welds 


provide freedom from porosity when simple fusion of 
Monel is attempted. It was not thought suitable to 
apply it to this programme since ready-mixed cylinders 
of argon, plus 10% hydrogen, were not available. The 
apparatus that would have been necessary for con- 
trolling mixtures on site would have been of laboratory 
rather than production type, particularly since the 
flow of gases is small. It was therefore foreseen that, 
quite apart from the effect on the programme, any 
damage to such equipment might have had safety 
repercussions since explosive mixtures could be 
obtained. 

Branch connections were a particular source of 
trouble, largely because of inconsistency of penetra- 
tion and deep shrinkage craters (Fig. 13). The elimina- 
tion of these particular faults demanded critical care in 
fitting the mating members after establishing suitable 
weld preparations, similar to that shown in Fig. 36. 

Because of initial difficulty in obtaining satisfactory 
branch welds, the ‘pulled tee’ method was investigated. 
It was found possible by cold forming to obtain a 
sufficient length of stub to permit orthodox butt weld- 
ing without undue thinning of the stub pipe wall. 
Annealing of the cold-formed tee was done before 
welding the branch pipes. Although this method 
offered a considerable advantage in obviating the 
expensive and laborious hand grinding and fitting 
required by the forming method, it was felt that 
embarrassment to the production programme would 


Monel branch weld showing lack of penetration and shrinkage 
crater 
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14—Jnterdendritic attack on Monel weld 


result if repairs of pulled tee butt welds became 
necessary. Owing to the relatively short length of stub 
pipe possible, it would be almost impossible to rectify 
such a weld, if, for example, a lack of penetration had 
resulted, so that on a manifold containing anything 
up to a dozen such branches the hand-fitted weld 
preparation would still be required. By the time the 
technique of producing pulled tee connections had 
been established, considerably more success was being 
achieved on the hand-fitted method because of the 
close co-operation of fitter and welder. The rejection 


rate of welds made by this method is now less than 
10%, even when a high radiographic standard is 
applied. 


Metallurgical Studies Resulting from Operational 
Experience 


During the initial operation of a prototype plant, 
using various concentrations of HF in the temperature 
range ambient to 400°C., a number of plant failures 
were experienced. During this period, the plant, 
although designed as a continuous process, was being 
operated on a batch system, and because of this and 
other modifications, it was not possible to maintain a 
low oxygen content. 

As a result, corrosion failures occurred, and these 
were subjected to metallurgical examination. This 
revealed that in some cases the weld was preferentially 
attacked, but in other instances the weld was cathodic 
to the plate. Some welds contained a general precipi- 
tate, and these were always preferentially attacked. In 
one instance this precipitate was inter-dendritic and 
resulted in the attack shown in Fig. 14. Chemical 
analysis showed that the welds preferentially attacked 
always contained niobium (Table V1). In laboratory- 
welded samples, using Monel 60 filler wire and Monel 
130 electrodes, it was not possible to produce this 
precipitate, even with gross misuse of welding tec- 
niques. All welds using Monel 140 electrode contained 
this precipitate. 


Table VI 


Composition limits for Monel plate and weld metals 





Material 
Si 
Monel Plate 
Monel 60 
Monel 130 
Monel 140 


MNMNwNhy 


Composition, wt 


o 


Al Cu 
0-50 
1-25 
1-50 
0-75 


Remainder 





Table VII 


Corrosion of Monel welds in 40°,, HF, 1°, O, in hydrogen atmosphere at 70°C 
(Attack on weld only, discounting attack on parent plate) 





Weld Type 
No. of Repairs Hours of Test 


Argonarc 60 
Liq Vap Liq. 
1038 2 
736 1: 

5: 


322 


Metal-arc 130* 


Metal-arc 140 
Vap. Liq. Vap. 
Penetration Rate, mm/yr 
0-18 5:7 
0-41 6:7 
0-78 11-0 


Monel Plate 
Liq. Vap. 


0:5 1-0 





* Plate attacked preferentially to the weld. No signs of undercutting. 


Table VIII 


Difference in thickness between weld metal and parent plate after testing in 40°,, HF, 1°, O, in hydrogen 
atmosphere at 70°C. 





Weld Type 


A4rgonarc 60 Metal-arc 130 
No. of Repairs Hours of Test } 


Vap. Liq. 

Thickness difference, cm 
—0-013 
—0-006 
—0-004 


Metal-arc 140 
Liq Vap. Liq. Vap. 
1038 
7% 
322 


0-012 
0-004 
0-025 


0-001 
0-003 
0-014 


0-006 
0-005 
0-002 


0-040 
0-080 
0-090 


0-050 
0-029 
0-030 
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Weld appearance after corrosion test: (a) Monel 60; (b) 
Monel 130; (c) Monel 140 <7 


To investigate further this phenomenon, a com- 
prehensive series of metallurgical and corrosion tests 
was initiated using Monel 60, Monel 130, and Monel 
140 weld metals on both ¥ in. and j in. plate. Com- 
posite plate and weld metal samples were treated in 
40°, HF at 70°C., with a gas flow of 1°, oxygen in 
hydrogen continuously bubbled through the liquid 
phase at a rate of 300 mils/min. The results of the 
corrosion studies are shown in Table VII, and indicate 
that the rate of attack is dependent on the type of 
electrode used, increasing in severity from Monel 130 
to Monel 60 and being most severe with Monel 140 
electrodes. Figure 15 shows the comparative rates of 
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attack with these three methods on unstressed samples 
treated for 1000 hr in liquid phase. It can be seen that 
for the Monel 140 there is a general corrosion attack, 
but marked fissuring is observed in the Monel 60 and 
130 weld metals. This fissuring tends to follow the weld 
dendrites. In all these tests the Monel 130 weld metal 
was slightly cathodic to the plate. Table VIII shows the 
difference in thickness between the weld and the plate 
for the different electrodes after the same exposure. 

It has been stated that it was necessary to carry out 
repeated repairs to obtain welds of a satisfactory 
quality. The rate of attack or the weld metal is how- 
ever increased with increase in numbers of repairs. 
This is least marked for the Monel 130 electrodes. An 
applied stress equal in magnitude to the yield point 
did not materially affect the general corrosion rate as 
measured in the samples tested, but the fissuring 
referred to earlier was more marked in both the weld 
metal and the Monel plate. 


Acknowledgments 


The authors wish to thank Sir William Cook, 
Managing Director, and Dr. H. Kronberger, Director 
of Research, U.K.A.E.A., D. and E. Group for 
permission to publish this paper. Assistance by col- 
leagues is gratefully acknowledged, in particular to 
Mr. J. E. Le Surf for information on corrosion rates. 


REFERENCES 
1. 1. H. HoGG: Weld. Metal Fab., 1954, vol. 22, pp. 2-14. 


2.K. M. Hitt and H. Knorr: “The Design of Plants for 
Handling Hydrofluoric Acid”, Inst. Chemical Eng., March, 
1960 


Welding of Precipitation-Hardening 
Corrosion-Resisting Steels 


By J. I. Morley, A.met. (Sheffield), F.1.M., and J. A. McWilliam, T.D., M.A. 


The low carbon martensitic type and semi-austenitic type of precipitation- 
hardening stainless steels in the form of bar, centri-die spun castings, and sheet 
are described. Their compositions, heat-treatment, physical and mechanical 
properties, and weldability by metal-arc, argonarc, inert-gas metal-arc, and 
resistance welding processes are dealt with. The mechanical properties of 
various welds and the effect of post-weld heat-treatments are given. The appli- 
cation of these steels has solved a number of engineering problems. 


Introduction 


weldable corrosion-resisting steels with mech- 


F« many years there has been a demand for 
anical properties better than those obtainable on 
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the 18° Cr-8°% Ni types of steel. One of the earliest 
precipitation-hardening stainless steels, developed over 
25 years ago, had the typical analysis: 


Cc y Si% Mn% 
0-12 0-70 


0-30 


ce | ee 
os: Oa 


Ti% Al% 
6380 1-4 


The normal heat treatment was A.C. 950°C., 
followed by A.C. 650°C. This gave a steel with a yield 
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point of 35-40 tons/sq.in., a maximum stress of 45 
50 tons/sq.in., and good elongation. Because of its 
high yield strength it was used primarily for steam 
turbine blading, and it had a resistance to corrosion 
similar to that of the 18°% Cr—-8°, Ni steels. 

More recently, Linnert* dealt particularly with the 
17/4 PH, 17/7 PH, and 17/10 P steels. The difficulties 
encountered, and means of partially overcoming them 
were described. In 17/4 PH steel it is necessary to 
modify the analysis of the weld metal to obtain satis- 
factory properties after post-weld heat treatment. 

The 17/7 PH steel contains about 1°, Al, and is 
produced mostly as sheet or strip. In both inert-gas 
tungsten arc and consumable electrode processes a 
hazy film consisting mainly of aluminium oxide 
appears on the surface of the molten metal, and this 
makes satisfactory welding more difficult. For metal- 
arc coated electrode welding, 17/4 PH electrodes must 
be used with a special technique. 

Steel 17/10 P contains about 0-25° P, and fusion 
welding is difficult owing to the great susceptibility to 
hot cracking of the weld bead. 


British developments 

The demand for high-tensile stainless steels that are 
readily (or easily) weldable has now been met by two 
steels which can be classified as (A) low carbon 
martensitic type, (B) semi-austenitic type. Typical 
compositions are given in Table I which shows that 


Table I 
Typical compositions of precipitation-hardening steels 





o 


Analysis, 
Cc Si Mn Cr Ni Mo Cu Nb 
0-05 0:35 0-80 150 55 1:5 15 03 
0-05 0-50 1:00 160 55 20 20 


Steel 


(A) 520(B) 
(B) 520(S) 





both types contain chromium, nickel, copper, and 
molybdenum. The balance of composition is care- 
fully controlled to give components which are readily 
weldable and which also respond to heat-treatment to 
give the required mechanical properties. 


Low Carbon Martensitic Steel (Type A) 
This is made in the form of bar, forgings, seamless 


tube, wire, and both centrispun and static castings. 
The physical properties are given in Table II, and the 


mechanical properties in Table III. The coefficient of 


linear thermal expansion is similar to that of mild 
steel, i.e., only about two-thirds that of 18/8 steel. This 
feature is a help in avoiding distortion during welding. 


Mechanical properties of metal-arc and argonarc welded 520(B) 
steel 

This steel is now being welded without difficulty 
using the metal-arc, argonarc, and inert-gas metal-arc 
methods. After considerable research, suitable coated 
electrodes have been developed, and for argonarc and 





* G. E. Linnert: 1956 Adams Lecture, Welding J., 1957, vol. 36, 
pp. 9-27 


Table Ul 
Physical properties of 520(B) steel 





Martensitic 

1435 

7-80 (= 486 Ib/cu.ft) 
13,000 


Structure 
Melting Point (approx.), °C. 
Specific Gravity 
Modulus of Elasticity, tons/sq.in. ; 
Thermal Conductivity, c.g.s. units At 50°C. 0-038 
At 450°C. 0-055 
Electrical Resistivity, ~.Q/cm At 20°C. 85 
Coefficient of Thermal Expansion 
20°/ 100°C. 
20°/300°C 
20°/500°C. 
Magnetic Properties 
(Induction B for H 
Permeability 


0-000012 
0-000013 
0-000013 
Magnetic 
10,500 
110 


250) 





Table Hl 


Heat-treatment and typical mechanical properties of 520(B) 
Steel 





Heat treatment 
(a) Overaged 620°C. (Condition as supplied for special require- 
ments) 

A.C. 1000°C. +2 hr 750°C., A.C.+ 1 hr 620°C., A.C. 
(b) Overaged 560°C. (Standard condition as supplied) 

A.C, 1000°C. +2 hr 750°C., A.C. + 2 hr 560°C., A.C. 
(c) Precipitation-hardened 

A.C. 1000°C. +4 hr 450°C., A.C. 


Typical mechanical properties 
Precipita- 
Overaged Overaged tion 
620°C. 560°C. hardened 
(a) (b) (c) 
0-1°, Proof Stress, 
tons/sq.in 30 56 68 
Maximum Stress, tons/sq.in. 60 65 85 
Elongation, °% 25 25 15 
Reduction in Area, °, 60 50 
Hardness, D.P.N. 320 400 
Fatigue Limit, tons/sq.in. 
(10* cycles unbroken) 38 +36 
Izod Impact, 
ft-lb at 20°C. 80 75 25 
ft-lb at —78°C 75 70 15 
Note: (c) Bar supplied A.C. 1000°C. (320 D.P.N.). Precipitation 
hardened to 400 D.P.N. after rough machining. 


60 
290 





Table IV 
Compositions of bar, wire, and deposit 





€ 


Analysis, 
PH2 
electrodes 
after 
deposition 
0-08 
0-23 
0-96 
0-007 
0-018 
14-14 
5-51 
1-85 
1-80 
0-61 


Cast 08780 
Bar 


Cast 45064 
12 s.w.g 
wire 
0-05 
0-41 
0-69 
0-009 
0-014 
14-54 
5-67 
1-66 
1-80 
0-46 


Cast 45064 
after 
deposition 
0-05 
0-35 
0-65 


0-05 
0-28 
0-70 


13-88 
5°51 
1-75 
1-63 
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shielded inert-gas metal-are welding the analysis of the 
filler wire is similar to that of the parent metal. 

Table IV shows the analyses of the test bar, the 
12 s.w.g. filler wire for argonarc welding before and 
after deposition, and also the deposit from the PH2 
electrodes used for the metal-arc welds. 

Samples of 1} in. dia. hot rolled bar, Cast No. 08780, 
of the composition indicated by Table IV, were pre- 
pared with a 90° double-V for butt welding after a 
heat-treatment of 30 min. 1050°C., A.C. +4 hr 750°C., 
A.C, 


(a) Argonarc deposit -as welded 
L Weld 4 Parent metal 


fe CS ade aneeae ee 


(b) Metal-arc deposit-as welded 
Weld 





8 


Parent metal 





(c) Argonarc deposit -heat treated 
Weld 1 Parent metal 


a 
Oo 
oO 


HARDNESS, D.P.N.(30 Kg) 





(d) Metal-arc deposit —heat treated 
Weld 4 Parent metal 











1—Hardness of argonarc and metal-are welds 


Condition A 
As welded 


400+ Weld | Parent metal 





Condition B 
Welded+2 hr 560°C AC 


Parent metal 











HARDNESS , DP.N (30 Kq) 


Condition C 
Welded+2hr 750°C AC 
+2hr 15° 


C 
+2hr 560°C AC 
Parent metal 








2—Hardness of metal-arc welds 


The welds were made (a) by argonare (d.c., elec- 
trode —-ve) using 12 s.w.g. wire of similar analysis to 
the bar, and (5) by metal-arc (d.c., electrode +-ve) 
using PH2 electrodes. 

A hardness traverse was carried out on each weld in 
the as-welded condition. The results are shown in 
Fig. |. Both welds were then given the heat-treatment: 
4 hr 750°C., A.C.42 hr 15°C. max.+1 hr 550°C., 
A.C, 

Hardness traverses were again carried out in this 
condition in both welds. These results are also shown 
in Fig. 1. 

Tensile tests were machined with the weld at mid- 
gauge length and the results are shown in Table V. 


Effect of post-weld heat-treatment of metal-arc welded 520(B) 
steel on sub-zero, room temperature, and elevated temperature 
properties 

Two samples of 5x1 in. flat bar from Cast 48298 
were prepared with a 90° double-V after a heat- 
treatment of 30 min. 1050°C., A.C.+-2 hr 750°C., 
A.C. 

The analysis of Cast 48298 was as follows: 


0-06 
0-30 
0-69 
0-009 


14-62 
5:57 
1-68 
1-93 


0-019 Nb% 0:32 
The samples were welded using PH2 electrodes. 
Hardness traverses and room-temperature tensile 
tests were carried out (a) as-welded; (4) after 2 hr at 
560°C., A.C.; and (c) after 2 hr at 750°C., A.C.+-2 hr 


at 15°C. max.+2 hr at 560°C., A.C. Tensile tests at 


Table V 


Tensile tests 





0-05 °,, Proof Stress, tons/sq.in. 
0 


o 


0 
0-2% 
0-5% 


Maximum Stress, tons/sq.in. 


Argonarc 
Weld 
58-2 
61-0 
62-6 
64:0 
66:2 


Metal-arc 
Weld 
58-7 
61:3 
63-0 
65-0 
66-6 


Elongation, % 174 17 
Reduction in Area, °% 61 61 





Both samples fractured within the parent metal 


—78°C., and at 300°C. were also carried out after 
treatments (b) and (c). The hardness traverses are 
shown in Fig. 2 and the tensile tests results are given 
in Table VI. 

The hardness traverses and tensile tests show no 
significant difference between the metal-arc and argon- 
arc welded samples. It is iateresting to note that the 
high-temperature heat-affected zone in 520(B) steel is 
not hardened, and may be actually slightly softer than 
the unheated metal. A zone of hardening does occur 
where the metal is heated to a somewhat lower 
temperature, presumably within the range of 400°- 
550°C. where ageing occurs. The hardening in this 
zone is not severe, being not greater than 390 D.P.N. 
in the hardest sample. After the post-weld heat-treat- 
ment the weld metal is between 40 and 60 D.P.N. units 
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Table VI 
Tensile tests on metal-arc welds showing effect of post-weld treatments 





(b) 
78 
53-1 
59-0 
63:2 
67-0 
75°8 
26:5 
62-7 


(a) 
R.T 
40-0 
44:8 
51-0 


Testing temperature, C 
0-05", Proof Stress, tons/sq.in 
0-1% “ a 
02% 

0-5% ee “ * 
Maximum Stress, tons/sq.in 55-4 
Elongation, °% 1} 
Reduction in Area, °, 14 


(b) 


RT 

50-5 
55-0 
58-0 
61-1 
65:4 
214 


64 


(db) 


300 
43-2 
47-0 
50-0 
52-0 
54-8 
134 
48 


~ 


S42 


ANANDA D 
Aan aw 
aHAwWwwOntw 





Sample (a) broke short in weld; all other fractures in parent metal 


harder than the parent metal and this means that, 
unless a sample breaks short, fracture always occurs 
within the parent metal. The tensile test in the as- 
welded condition did break short with a fracture 
within the weld. A repeat test broke in the weld. These 
tensile tests show the desirability of post-weld heat- 
treatment. 


Fatigue tests on 520(B) weld metal deposited by the argonarc 
process 

Fatigue tests were made on weld pads using wire 
with the following composition: 


Cz 0-05 
Si° 0-41 
Mn” 0-69 
Cr° 14°54 


Ni% 
Mo”, 
Cu% 
Nb”, 


5-67 
1-66 
1-80 
0-46 


The deposited material was treated for 4 hr at 
750°C.+1 hr at 550°C. The Wohler fatigue test 
1esults are given in Table VII. They indicate a fatigue 
limit of +34 tons/sq.in. 


Mechanical properties of metal-arc welded 520(B) centri-die spun 
castings 

Large numbers of centrifugally spun castings in dies 
are made in many corrosion- and heat-resisting steels. 
This process has been applied very successfully to 
520(B) steel. 

The centri-die castings were given a heat-treatment 
of 3 hr 1050°C., A.C. to room temperature; 4 hr 
750°C., A.C. to room temperature; 4 hr 550°-560°C.., 
A.C 

The castings were then machined to 12 in. o.d. » 
8 in. i.d. x7 in. long. The weld edge was a J prepara- 
tion from one side only owing to the small diameter. 
The welding was done using PH2 coated electrodes. 
Tensile tests were carried out on the parent metal, on 


Table VII 


Fatigue tests on argonarc welds 





Stress, Reversals 


tons/sq.in. 
42 242,300 
38 25,724,700 
36 47,290,000 
34 256,589,200 UB 
30 110,281,900 UB 





UB= Unbroken 


the weld metal, and on test pieces taken across the 
welds. The tests were done (a) as-welded; (5) after 
1 hr at 550°C., A.C.; (c) after 2 hr at 750°C., A.C., 
held for 24 hr at room temperature, and | hr at 
550°-560°C., A.C.; and (d) 12 hr at 550°C., A.C. 
Table VIII gives the results of these tests. 

It will be noted that the mechanical properties have 
been much improved by the post-weld heat-treatment. 
The treatment of 12 hr at 550°C., A.C. can be used as 
a stress-relieving treatment after welding, for it does 
not impair the high-tensile properties. 


Mechanical properties of argonarc and inert-gas metal-arc 
welded 520(B) centri-die cast rings 
The machined centri-die castings were | 1} in. o.d. > 

7? in. i.d. x 12 in. long. The first run was a sealing run 
using argon backing, followed by fifteen runs of 
argonare deposit using 7 in. dia. 520(B) filler wire. 
The remainder of the weld was made in 26 runs by the 
inert-gas metal-arc process using in. dia. 520(B) 
wire for the consumable electrode. The centrispun 
rings were rotated at a suitable speed during the weld- 
ing operation. After each run the weldment was well 


Table VIII 


Tensile tests on centri-die cast 520(B) steel metal-arc welds 





l 2 3 
As Treat- As 
Welded menth Welded 
50-5 50-5 23-3 
A - - e 54-2 54-0 25-0 
57-0 26°8 
60:3 29-2 
64:8 65:8 


( 

0 

0 4 a in $7 
0-S% _ - a 
Maximum Stress, tons/sq.in 
Elongation, °, 15 15 6 


)-05 °, Proof Stress, tons/sq.in 


* 
60-7 
66-6 


Reduction in Area, ° 22 35 74 


4 5 6 7 & y 
Treat- As As Treat- Treat-  Treat- 
menth Welded Welded menth menth ment 
34:4 41-0 37-9 44-0 41-5 51-0 
38:2 44-1 41-2 48-7 46°3 
42:1 47:3 44:2 53-0 50-6 
47-5 50-7 49-0 57:2 55:3 57-0 
68-4 57-0 59-8 63-3 64-4 63:2 
7 34 4 13 4 14 
74 3 7 40 6 43 


10 
Treat- 
ment d 

43-1 
48:8 
52:9 
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Table IX 


Tensile tests of inert-gas metal-arc welds on 520(B) steel centri- 
die castings 





Parent Tensile Weld 
Metal Across Weld = Metal enly 
Treatment* J] 2 2 3 3 
0-5° Proof Stress, 
tons/sq.in. 
Maximum Stress, 
tons/sq.in. 63:2 642 58-0 57:6 63-0 62-6 
Elongation, 15 10 9 8 7 10-5 
Reduction in Area, °,, 36 26 38 36 27 35 


58:4 340 54:5 51:2 450 54-0 





* (1) As-welded 
(2) 3 hr at 750°C., 24 hr at room temperature, 12 hr at 550°C.., 
Ax. 
(3) 12 hr at 550°C., A.C 
All test pieces across welds fractured in parent material 


cleaned using a grinding wheel, wire brush, or rotary 
wire brush to remove any oxide film. 

The results of the tensile tests, given in Table IX, 
show that joints made using initial runs by the argon- 
arc process followed by runs from consumable 
electrodes of the same analysis as the parent metal 
have given very satisfactory results. It has been clearly 
established that post-weld heat-treatment is most 
desirable so as to restore the 0-5°%, proof strength. 
Other tests have confirmed that better results were 
obtained with the 750°-550°C. treatment than with 
the 550°C. treatment only. 


Welds to other steels 

Centri-die cast 520(B) was argonarc welded without 
difficulty to mild steel, using 520(B) filler wire. Tensile 
tests across the weld broke in the mild steel away from 
the weld. A metal-arc weld to 18/8/Ti steel, using 
18/8/Nb type electrodes gave no trouble, and tensile 
test fractures were in the 18/8/Ti steel away from the 
weld. 


Welding conditions 

Throughout, in the fusion welding of 520(B) steel, 
the welding conditions such as current, argon flow, 
etc., were similar to those used for 18/8 steels. The 
advantage of the material over 18/8 steels lies in its 
lower coefficient of expansion, which lessens the 
chance of distortion. 


Semi-Austenitic Steels (Type S) 


Those precipitation-hardening stainless steels that 
are classed as semi-austenitic, the second of the two 
groups under consideration, are characterized by their 
response to heat-treatment, particularly in that quick 
cooling from 1000°C. or above will give a low yield 
point austenitic condition. This circumstance makes 
the semi-austenitic steels especially suitable for cold 
rolling into sheet and strip and allows fairly severe 
forming operations to be carried out on the flat rolled 
products. Components so produced may be hardened 
by a two-stage heat-treatment, comprising primary 
hardening (which induces a transformation to marten- 
site with an accompanying expansion), followed by 
precipitation-hardening. The combination of these 
heat-treatments provides structures of high and uni- 
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form strength in all parts and in all directions irres- 
pective of the amount of deformation involved in the 
forming operations. Given the correct weld metal 
composition the welds and heat-affected zones can 
also be made to respond to similar hardening treat- 
ments. 

For applications where the total amount of defor- 
mation during forming is very small, less than about 
6%, the steels are sometimes supplied in a higher yield 
point martensitic condition, obtained by partial soft- 
ening at a temperature below 1000°C., commonly 
870°C. in the case of 520(S), a typical steel of its type. 
This variant of the supplier’s heat-treatment is useful 
in that it considerably simplifies the hardening and 
descaling procedures to be carried out subsequent to 
forming; the volume change on hardening is very 
slight and good mechanical properties can be obtained 
by the use of a single heat-treatment at 550°C. 


Hardening procedure 


Unwelded condition 

The composition and typical mechanical properties 
of 520(S) in the austenitic or martensitic conditions as 
supplied, and after the appropriate hardening heat- 
treatments, are shown in Tabies X and XI respect- 
ively. 

It will be noted from Table XI that a sub-zero 
primary hardening treatment at —70°C. can some- 
times be used as an alternative to the 750°C. treat- 
ment. In both cases an expansion of 0-3-0-4% is 
involved on account of the martensite transformation, 
and due allowance must be made for this, either in 
design or by correcting parts to size after transforma- 
tion. As already mentioned this difficulty does not 
arise where the steel is supplied in the A.C. 870°C. 
martensitic condition but, in many instances, the 
forming is too severe for the 870°C. treatment and the 
steel must be used in the A.C. 1050°C. austenitic 
condition. 


Weldments (Steel supplied in the austenitic condition) 

Because of the volume expansion accompanying the 
transformation of austenite to martensite it is always 
better to apply the martensite transformation treat- 
ment to individual pressings or sections before they 
are assembled for welding, so as to reduce the risk of 
serious distortion of the finished component. 

For similar reasons, when welding pressings of 
520(S), formed in the austenitic condition, to flanges, 
rings or castings of 520(B) steel, it is again advisable 
to apply the martensite transformation treatment to 
the pressings before their assembly for welding. In 
some cases a sub-zero treatment may be used as an 
alternative to the 750°C. treatment. 

It will have been noted from the response of the 


Table X 
Compositions of 520(S) sheet 





J 


Sheet Analysis, 
Thickness, 
Cr Ni Mo Cu 
15-68 5-49 1-68 2-00 
15:24 5-68 1-97 1-95 
15-82 5-62 1-92 1-98 
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Table 


XI 


Mechanical properties of 520(S) 18 s.w.g. sheet 





Direction Heat Treatment 
of 


Test Piece* 


A.C. 1050°C. (austenitic as supplied) 


Proof Stress Max. Elong. Elong., 
0-1% 0-2°, Stress, on2in., yA 
tons/sq.in. yA (44/ A) 
18-2 53-9 30 


A.C. 1050°C. + 2 hr 750°C., A.C. +2 hr 550°C., A.C. 3 67-9 70:3 12 
AC, . 74-6 81-2 13 
; 27°5 69-5 11 

68-0 72:1 15 25 

51-1 59-9 64 16 


A.C. 870°C. (martensitic as supplied) 
A.C. 870°C. + 4 hr 0°C. +2 hr 550°C. 
As above. Tested at 400°C 


T 
T 
I A.C. 1050°C. +6 hr —70°C. +2 hr 550°C., 
I 
l 
I 





* T= Transverse to rolling direction; L 


Parallel to rolling direction 


Table XII 
Tensile tests on argonarc welded 520(S) 18 s.w.g. sheet 





Heat Treatment Sheet 
Thickness, 
S.W.2. 
A.C. 1050°C. (Austenitic) + 2 hr 750°C 

2 hr 750°C. +2 hr 550°C 18 
As above but unwelded 18 
A.C. 1050°C. (Austenitic) + 2 hr 750°C 18 
2 hr 700°C. +2 hr 550°C 10 
As above but unwelded 18 
10 
A.C. 1050°C. (Austenitic) + 2 hr 750°C 18 
6 hr —70°C. +2 hr 550°C 10 
As above but unwelded 18 
10 


Proof Stress Max Elong. on Cast 
01% 0-2% d ’ sm, % No 
tons/sq.in. 


7 47821 
134 47821 


10 47821 
144 50541 
134 47821 
18 50541 


i 47821 
124 50541 
9 47821 
14 5054] 


away 
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semi-austenitic steels to softening treatment of 1000°C. 
and above that austenite will also be retained in 520(S) 
steel in a narrow zone adjacent to the weld where the 
metal is cooled quickly from welding heat. This does 
not occur with the martensitic 520(B) steel. 

An additional martensitic transformation treatment 


Welded gear box casing 


applied after welding will transform these narrow 
austenitic zones adjacent to the weld beads, a pro- 
cedure which does not seem to cause distortion, per- 
haps because the very localized expansion at the weld 
is offset to some extent by the relief of residual weld 
tension stresses. 


Pressing formed in the austenitic 
condition for gear box 
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Testing temperature 


Room 





5—Tensile tests of argonarc welds 


Treatment (d) 


The following tests were carried out as an illustra- 
tion of the effects of various post-weld heat-treatment 
cycles on the mechanical properties of welds in 
520(S) sheet and strip, and to show how sub-zero 
post-weld treatments may be used to ease descaling 
problems. 

Table XII gives the results of tensile tests on 18 
s.w.g. Sheet specimens of Cast 47821, butt welded by a 
single argonarc run using 16 s.w.g. 520(B) filler wire. 
The sheet specimens for welding were prepared from 
A.C. 1050°C. austenitic material, and were trans- 
formed to the martensitic condition by a 2 hr treat- 
ment at 750°C. before welding. The welds were in the 
middle of the gauge length, and all beads were dressed 
by grinding. 

The following post-weld treatments were carried 
out on welded specimens and on unwelded blanks for 
comparison : 

(a) 2 hr at 750°C., A.C. 

(6) 2 hr at 700°C., A.C. 

(c) 6 hr at —78°C.+2 


2 hr at 550°C., A.C. 
2 hr at 550°C., A.C. 
hr at 550°C., A.C. 


As usual, a period of not less than 24 hr at room 
temperature was allowed between the 750° or 700°C. 
treatments and the 550°C. treatments, so as to ensure 
completion of the martensite transformation. 

In all cases fracture occurred in the parent metal at 
a position #-4 in. outside the weld joint line, i.e., the 
weld was stronger than the parent metal. 

As shown in Table XII the welded test pieces, after 
double post-weld heat-treatment, gave values of 
0-1°%% proof stress in tests across the weld joints at 
least 95°, of those for corresponding unwelded tests, 
thus illustrating the effective hardening of the weld 
zones. When sub-zero post-weld treatment is used the 
recovery in strength of the weld is relatively less 
complete, but it is still possible to achieve 0-1 °% proof 
stress values of about 50 tons/sq.in. This sub-zero 
post-weld treatment plus overageing at 550°C. is 
often preferred because descaling is easier. Any 





(e) (f) 


oxidation that occurs at 550°C. is not difficult to 
remove if the parts are thoroughly degreased before 
heat-treatment. 

The gear box casings illustrated in Fig. 3 were 
produced from 520(B) forgings and bar and 520(S) 
rings, argonarc welded with 520(B) filler wire. The 
individual 520(S) pressings shown in Fig. 4 were 
transformed at 750°C. and descaled before assembly 
for welding. After welding a sub-zero treatment at 

65°C. was applied, followed by a 560°C. precipita- 
tion treatment. 


Weldments (520(S) supplied in the martensitic condi- 
tion) 

Weld specimens were prepared from 18 s.w.g. 
sheet of Cast 51457 using a single-run argonarc 
technique and 520(B) filler wire. In this case the weld 
beads were not dressed before testing. Tensile tests 
were carried out at room temperature and at 400°C., 
with the welds at mid gauge length, after the following 
post-weld treatments: 


(d) Weld-+-4 hr at 0°C.+2 hr at 550°C. 
(e) Weld+-4 hr at — 70°C. +2 hr at 550°C. 
(f) Weld+-2 hr at 750°C., A.C.+4 hr at 0°C. + 2 hr at 550°C. 


The tensile test pieces are shown in Fig. 5. 

The high-temperature heat-affected zone of the 
sheet in the as-welded condition is shown in Fig. 6. 
The absence of grain growth and freedom from 
excessive amounts of delta ferrite will be noted. 

The mechanical test results are given in Table XIII. 
These indicate that the hardness of the high-tempera- 
ture heat-affected zone beside the weld is not fully 
recovered by means of the 4 hr 0°C.+2 hr 550°C. 
post-weld treatment, notwithstanding that this treat- 
ment works well on steel supplied partially softened 
at 870°C., as shown in Table XI. The greater austenite 
stability of the weld heat-affected zone is due to the 
solution of carbides during welding. It will be noted 
from Table XIII that sub-zero cooling to —70°C., 
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Table XIII 
Argonarc welds on 18 s.w.g. 520(S) sheets (Cast 51457) 





Post-Weld Treatment 


(d) 
(e) 


(f) 


4hr0O°C.+2 hr 550°C., A.C. 

4hr —70°C. +2 hr 550°C., A.C. 

2 hr 750°C., A.C. +4 hr 0°C. +2 hr 550°C., A.C. 
As (d) 

As (e) 

As(/) 


20 
20 
20 


Testing 
Temp.., 
sl 


Proof Stress, 
01% 0-2% 
tons/sq.in. 
26°7 30-9 
51-9 56-9 
69-2 70-1 
26-2 29-8 
44:5 49-0 
52-6 54:2 


Max. 


Elong. on Elong., 
Stress, 4 y 


0-05% 2 in., ¢ ° 
(4 A) 
15 
22 
25 
12 
16 
16 


66-1 
71-9 
72:1 
39°1 
55:8 
58-4 


wnNQartnN 


Se2pSsc 
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6—Hight-temperature heat-affected zone, as-welded 


followed by the 550°C. overageing treatment, does 
give very satisfactory strength ecross the welds. As a 
matter of interest still higher proof stress values may 
be obtained by a triple post-weld treatment involving 
consecutive stages at 750°C., O°C., and 550°C., but 
it is considered that the —70°C. treatment followed 
by 550°C. will be the more attractive post-weld harden- 
ing treatment. 

It is worthy of note that this simple post-weld 
treatment is not applicable to all precipitation- 
hardening steels of the semi-austenitic class, for most 
of these do not appear to have the particular com- 
position balance that allows 520(S) to respond in 
this way. Their weld heat-affected zones have in- 
herently greater austenite stability, so that more 


complex triple- or quadruple-stage post-weld treat- 
ments are recommended by the manufacturers con- 
cerned. 


Electric resistance welding 

Very good spot and seam welds are being made on 
various thicknesses of sheet. As with 18/8 steels, 
scrupulous cleanliness, thermionic control of current 
and times, and the use of hard copper alloy electrodes 
are essential. The optimum welding conditions, and the 
effect of post-weld heat-treatment are being investi- 
gated by a B.W.R.A. Committee under the chair- 
manship of one of the authors. 


Summary 


The authors hope they have made clear the great 
possibilities that these steels have in the solving of 
difficult engineering problems, particularly where the 
welding of high-tensile steels is concerned. These steels 
have been particularly applied in making aircraft 
structures, aero engines, and plant for the production 
of power. Welding engineers have been impressed with 
the ease with which welding has been carried out on 
steels of high tensile and fatigue strength. 
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The Right Glove... 


Murex chrome leather welding gloves are the right type for welding 
because they are designed for the job. They provide full protection 
for the hands and wrists from spatter and they remain supple and 
comfortable even after long use. All searas are insewn to prevent 
burning of the thread and all the parts subject to the most wear 
are reinforced. Various types are available, including the five 
finger type, mitt type and long gauntlets. Murex asbestos gloves 
are also available. 


Please write for full particulars 


MUREX WELDING PROCESSES LTD., WALTHAM CROSS, HERTS. Telephone: Waltham Cross 23636 
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To Henry Wiggin & Company Ltd., Wiggin Street, Birmingham 16 
Please send me without charge a copy of your new publication :— 


‘WELDING. BRAZING AND SOLDERING OF WIGGIN 
This new 86-page publication provides you HIGH-NICKEL ALLOYS’ 


with the most up-to-date data for guidance in 
joining Wiggin High-Nickel Alloys:— Oxy- NAME 
acetylene, Metal-arc, Argon-arc, Resistance 
and Flash-butt welding. It also contains APPOINTMENT OR DEPT 
sections dealing with the welding of dissimilar 
metals and on the lining of vessels. COMPANY AND ADDRESS 











a HENRY WIGGIN & COMPANY LIMITED, WIGGIN STREET, BIRMINGHAM 16 
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News of the Institute and Branches 


B.W.R.A. 
and Industry 


AUTUMN MEETING 1960 


The Metallurgy of Welding 
and Brazing 


The Autumn Meeting of the Institute 
will be held at 54 Princzs Gate, London 
S.W.7, from Ist to 3rd November 1960. 

The proceedings will include the 
presentation of the Presidential Address, 
the Annual Dinner, and the presentation 
and discussion of technical papers on the 
metallurgy of welding and brazing. 

Members of the Institution of Metal- 
lurgists will take part in a joint discus- 
sion on “The Role of the Metallurgist in 
Fabrication involving Welding’. 

The programme of the meeting is as 
follows: 


Tuesday, Ist November 
-0 p.m.—Tea, coffee. 
Presidential Address, by E. 
-uchs, M.A., A.M.1I.Mech.E. 
-15—8.15 p.m.—Opening Reception. 


Wednesday, 2nd November 
9.30 a.m.—12.30 p.m.—First Technical 
Session for the discussion of the papers: 
“Use of Welding in Chemical Plants in 
the U.K.A.E.A.”’ by F. S. Dickinson 
and B. Watkins, 
**Welding Problems Associated with Nu- 
clear Fuel Elements” by A. F. Taylor. 
“Welding Metallurgy of the Nimonic 
Alloys” by J. Hinde and D. R. 
Thorneycroft. 
**Welding of Precipitation-Hardening 
and Corrosion-Resisting Steels” by 
J. I. Morley and J. A. McWilliam. 
‘Whither Electrode Design?” by 1. C. 
Fitch. 
2.30—5.30 p.m.—Second Technical Ses- 
sion for the discussion of the papers: 
“Cracking Tests for Assessing Welda- 
bility” by J. C. Borland. 
“Cracking in Welded Joints of 18/12 
Austenitic Steel in C.E.G.B. Power 
Stations” by F. E. Asbury, B. Mit- 
chell, and L. H. Toft. 


Other Societies 


INSTITUTE ACTIVITIES 


“Distribution of Phosphorus and Sul- 
phur in Fully Austenitic Stainless 
Steel Welds” by S. M. Makin, C. B. 
Alcock, D. R. Arkell, and P. C. L. 
Pfeil. 

“Hot Cracking in Mild and Alloy 
Steels” by W. K. B. Marshall. 

** High-Frequency Induction Brazing of 
Small Components in Argon Streams” 
by P. M. Bartle and J. G. Young. 
-30 p.m.—Joint Meeting with the 
Institution of Metallurgists: Discus- 
sion opened by J. F. Lancaster and 
and H. E. Dixon on “The Role of the 
Metallurgist in Fabrication involving 
Welding”’. 


Thursday, 3rd November 


9.30 a.m.-12.30 p.m.—Report on 
“‘Welding Research and Practice in 
the U.S.S.R.” by members of the 
Institute team which visited the 
U.S.S.R. in September. 

.15 for 7.45 p.m.—Annual Dinner at 

the Park Lane Hotel, Piccadilly, 

London W.1. 

Applications for Dinner Tickets should 
be made to the Secretary by 27th Octo- 
ber (latest)}—price £3 including cock- 
tails. Members of the Institute are en- 
titled to one ticket at £2 10s. Od. on 
personal application. 

Tickets for the Reception are also 
obtainable from the Secretary (price £1: 
but those enroliing for the Autumn 
Meeting will be able to attend free of 
charge.) 

The papers for discussion are pub- 
lished in this (October) issue of B.W.J. 
with the exception of that by Mr. Mar- 
shall (July, 1960) and that by Mr. As- 
bury and others (November, 1960). 


Christmas Lecture to Young People 


The Annual Christmas Lecture to 
Young People will be given by Professor 
J. G. Ball at the Institute on Thursday, 
Sth January, 1961, at 11.0 a.m. 

Admission will be by ticket, and 
tickets will be available for members at 
the end of November. 


Postgraduate Course in Welding 


The Ministry of Education has agreed 
to offer at the College of Aeronautics, 
Cranfield, beginning in the Autumn of 
1961, a postgraduate course in welding 
technology leading to the grant of a 
Diploma in Advanced Engineering. 

This decision was reached at the end 
of August, when it became certain that 
the minimum number of students for 
the first year’s course would be forth- 
coming from industry, as a result of 
promises obtained by the Institute of 
Welding. 

The President has set up a special 
committee to foster the postgraduate 
course and to ensure the support of 
industry for it and for improvements in 
welding education generally. The mem- 
bers of the committee are as follows: 


Mr. E. Fuchs (President of the Insti- 
tute) 

Professor J. G. Ball (Imperial College 
of Science and Technology) 

Mr. F. Caunce (H.M.I., Ministry of 
Education) 

Dr. E. F. Gibbs (Bristol University) 

Mr. A. G. Grant (Managing Director, 
Whessoe Ltd.) 

Dr. N. Gross (Managing Director of 
Quasi-Arc Ltd., and Chairman of 
the Executive Committee of the 
Institute) 

Professor A. J. Murphy (Prinicipal of 
the College of Aeronautics) 

Mr. E. Seymour-Semper (Managing 
Director of Hancock & Co. (Engin- 
eers) Ltd., and Past-President of 
the Institute) 

Dr. R. Weck (Director of Research 
of the British Welding Research 
Association) 

Mr. R. E. G. Weddell (Director of 
W. G. Allen & Sons (Tipton) Ltd., 
and a Past-President of the Insti- 
tute) 


At its first meeting the committee 
examined a draft syllabus of the course, 
received the promises of support already 
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mentioned, and agreed upon measures 
to make the course known to industry. 
Full particulars will soon be widely dis- 
tributed to members of the Institute and 
the B.W.R.A., and to industry generally. 


NEWS OF MEMBERS 


Obituary 


The Council records with regret the 
deaths of the following members: 


Mr. G. Johnson, attached to the West 
of Scotland Branch (elected 1944) in 
September 1959. 

Mr. N. A. Tucker of Johnson. 
Matthey & Co. Ltd., an active and much 
valued member of the Institute, who 
died very suddenly on 14th August 
1960. Mr. fucker was a British delegate 
on the II!W Commission III, Resistance 
Welding, on which subject he was a 
recognized authority. He will be much 
missed in the organization of the Insti- 
tute’s technical activities. 


CONTRIBUTORS TO THE 
JOURNAL 


P. M. Bartle, L.1.M., is a member of 
the Non-Ferrous Metallurgy Depart- 


ment of the British Welding Research 
Association, and is concerned particu- 
larly with brazing and with the welding 
of copper 

He was educated at Acton County 


Grammar School, and later at Wands- 
worth Technical College and Battersea 
College of Technology, as a part-time 
student. He has recently passed the 
examination for Licentiateship of the 
Institution of Metallurgists. 

Mr. Bartle spent two years with the 
British Non-Ferrous Metals Research 
Association before taking up his present 
appointment in 1956. 


F. S. Dickinson, A.M.1.Mech.E., 
served an engineering apprenticeship 
with Metropolitan Vickers Electrical 
Co. Ltd. (now A.E.I. Manchester Ltd.), 
subsequently joining the Welding Eng- 
ineering Department in 1945, and being 
transferred to the main fabricating 
department in 1948 

In 1953 he joined the Department of 


F. S. Dickinson 


A. F. Taylor 


Atomic Energy (Production) of the 
M.O.S. and advised design departments, 
construction staff and the inspectorate 
on welding techniques. 

He is now Senior Welding Engineer 
at the Culcheth Laboratories of the 
United Kingdom Atomic Energy Auth- 
ority and is responsible for providing 
manufacturing and design data for the 
wide range of fabricated plant con- 
structed for the United Kingdom Atomic 
Energy Authority. 


J. Hinde, F.1.M., M.Inst.W., on the 
staff of the Development and Research 
Department of The Mond Nickel Co. 
Ltd., received his metallurgical educa- 
tion at the Wolverhampton and Staf- 
fordshire Technical College. In 1929 he 
joined Thompson Brothers (Bilston) 
Ltd., and was later appointed metal- 
lurgist to the Company. In 1936 he be- 
came a metallurgist in the Engine 
Division of the Bristol Aeroplane Co. 
Ltd., and four years later he was ap- 
pointed Chief Metailurgist at the 
Accrington Engine Factory of the 
Company. In 1945 he was recalled to 
Bristol to take up the post of Develop- 
ment Metallurgist. He joined The Mond 
Nickel Co. Ltd. in 1953 to take charge of 
the development activities involved in 
the joining of nickel-containing mat- 
erials. In 1959 he was appointed Man- 
ager of the Non-Ferrous Division of the 
Development and Research Depart- 
ment; that Division is concerned 
however, with the development of the 


. A. MeWilliam 


D. R. Thorneycroft 


1960 


B. Watkins 


welding attributes of all the nickel- 
containing materials. 


J.A.MecWilliam, T.D., M.A., is Head 
of the Research Liaison Department of 
Firth-Vickers Stainless Steels Ltd., Shef- 
field. He was educated at Glasgow Acad- 
emy, St. John’s College, Cambridge, and 
at Sheffield University. He joined the 
staff of the Brown-Firth Research Labor- 
atories in 1924, and from 1925 to 1929 he 
was in charge of the Pyrometric Labora- 
tories. At that time he also undertook 
research on the welding of new steels. 

From 1929 to 1932 Mr. McWilliam 
visited Australia, New Zealand, Japan, 
China, Ceylon, South Africa, Rhodesia, 
and Canada to give technical advice on 
the manipulation and application of 
steels produced by Thos. Firth and 
Sons Ltd., and Thos. Firth and John 
Brown Ltd. On the formation of Firth- 
Vickers Stainless Steels Ltd. in 1934, he 
was transferred to that Company, and 
in 1938-39 he again visited Canada and 
the U.S.A. to study methods of manu- 
facture and fabrication of stainless steels 
and aircraft and aero engines. 

Mr. McWilliam served as Lt. Colonel 
in command of the 46th Divisional R.E. 
from 1939 to 1941, and was with the 
B.E.F. in France in 1940. He later 
undertook work on the increasing use of 
welded heat-resisting steel fabrication 
for aircraft and aero engines. He was 
awarded the Territorial Decoration in 
1945. For the paper “The welding of 
stainless steels he was given the Hat- 
field Memorial Prize of the Sheffield 
Metallurgical Association in 1946. 

After the war he resumed visits to 
Europe in connection with the welded 
fabrication of corrosion- and _heat- 
resisting steels, in addition to similar 
work at home. In 1954 he visited South 
Africa and read a paper to the South 
African Institution of Welding on “The 
welding of corrosion- and heat-resisting 
steels’, for which he was awarded the 
Harvey Shacklock Gold Medal of the 
Institution. He has given numerous 
lectures and papers on the manipula- 
tion of stainless steels, including a 
lecture to the Institution of Engineers 
in Denmark. 





Mr. McWilliam is a Vice-President of 
the Sheffield Society of Engineers and 
Metallurgists, and is past Chairman of 
the Sheffield and District Branch of the 
Institute of Welding. 

A. F. Taylor, B.Sc., A.I.M., was 
born in 1924, He was educated at the 
George Dixon Grammar School, Bir- 
mingham, and later at Birmingham 
University, where he obtained an 
Honours Degree in Industrial Metal- 
lurgy in 1950. 

During the war Mr. Taylor served 
with the R.A.F. in Coastal Command. 
After taking his degree he joined the 
Research and Development Branch of 
the U.K.A.E.A. at Springfield Works. 
He worked initially on the development 
of methods for canning fuel elements, 
and is now responsible for the develop- 
ment of welding techniques for fuel 
element applications. 


Dennis R. Thorneycroft, B.Sc., 
A.I.M., M.Inst.W., Welding Develop- 
ment Officer with The Mond Nickel 
Company Ltd., London, was appointed 
to the senior research staff of the Birm- 
ingham Laboratory of The Mond Nickel 
Company Ltd. in 1944. In subsequent 
years he gained research experience in 
several fields of metallurgy, including 
that of the transformation character- 
istics of cast and wrought alloy steels. 

From 1953 he was engaged on re- 
search in the ferrous and non-ferrous 
field of welding metallurgy, and in 1956 
was appointed Section Head of the 
Welding and Non-ferrous Department. 
In the Autumn of 1959 he was trans- 
ferred to development in the Develop- 
ment and Research Department at 
London, where he took up his present 
position with the Company. 


B. Watkins, M.Sc., A.1.M., gradu- 
ated in Metallurgy at the University 
College of Swansea and was subsequently 
awarded the degree of M.Sc. in 1948. He 
was then employed at the Department 
of Research and Technical Development 
of Stewart & Lloyd Ltd., Corby, until 
he joined the Culcheth Laboratories of 
the United Kingdom Atomic Energy 
Authority in 1956, where he now leads a 
team of Metallurgists and Welding 
Engineers giving an advisory service on 
the selection of materials, fabrication 
and construction of reactors and associ- 
ated chemical plant. 


BRANCH NEWS 


Sessional Programmes 


14th Oct.—Chairman’s Address “The 
other applications of oxygen”, by 
K. H. Purdy 

lith Nov.—**Resistance welding as a 
production process” by C. A. Burton 


NEWS AND ANNOUNCEMENTS 


Ist Dec.—Annual Dinner 

9th Dec.—Lecturettes: “Fine wire weld- 
ing” by D. B. Tait; “Electro-slag 
welding” by C. A. Burden; “Plasma 
jets” by R. Cresswell 

13th Jan.—** Designing for brazing” by 
N. H. Jones 

17th Feb.—Lecturettes: “Electron beam 
welding” by L. N. Sayer; “High- 
frequency welding” by J. B. P. William- 
son; “Ultrasonic welding” by J. W. 
Menter 

17th Mar.—*Economic aspects of vari- 
ous fusion welding processes” by 
W. D. Waller 

22nd Mar.—Visit to Hereford Works 
of Henry Wiggin & Co. Ltd. 

14th April—Annual General 
and Technical Films 


Meeting 


Except for the works visit, meetings 
will be held at the Grand Hotel, Birm- 
ingham, starting at 7.30 p.m. 


East Midlands 


21st Sept.—Visit to Stanton Ironworks 

11th Oct.—‘A practical approach to the 
problem of distortion” by J. S. Waring. 
Nottingham 

15th Nov.—*‘Pipe line welding” by R. J. 
Wright. Derby 

13th Dec.—Electro-slag welding” by 
W. K. B. Marshall. Nottingham 

18th Jan. Loughborough. Not yet 
finalised 

8th Feb.—‘“‘Economic aspects of various 
fusion welding processes” by W. D. 
Wailer. Nottingham 

4th April—Annua! General Meeting and 
Films. Nottingham 


East of Scotland, 


29th Sept.—Visit to Henry Balfour & 
Co. Ltd., Leven, Fife 

19th Oct.—Chairman’s Address 

16th Nov.—Films 

18th Jan.—**Pipe line welding” by R. J. 
Wright 

15th Feb.—* Recent advances in electric 
welding” by A. Bean 

20th Feb.— ‘Welding and allied pro- 
cesses’. Films and discussion. Joint 
meeting with the Institution § of 
Engineering Inspection, The Royal 
British Hotel, Dundee, 7.30 p.m. 

15th Mar.—‘‘Electric pre-heating and 
stress relieving’ by R. McGlashan 

12th April—Annual General Meeting 
Unless otherwise stated or advised all 

the above meetings are held at 25 


Charlotte Square, Edinburgh, and com- 
mence at 7.30 p.m. 


22nd Sept.—Ladies Night 
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Sth Oct.—‘Practical approach to dis- 
tortion problems” by J. S. Waring 
25th Oct.—** Welding and the draughts- 
man” by H. B. Merriman 

16th Nov.—*‘Practical welding of large 
fabrications” by C. Spencer 

29th Nov.—To be arranged (Wake- 
field) 

8th/9th Dec.—Annual 
Metropole, Leeds 

15th Dec.—Brazing and copper weld- 
ing” by G. F. Charge 

10th Feb.—Dinner Dance, 
Hotel, Roundhay 

March.—Works Visit, 
water Colliery 

11th April—Annua! General Meeting. 


Dinner, Hotel 


Mansion 


Allerton By- 


The above lectures will be held at the 
Hotel Metropole, Leeds, commencing 
at 7.30 p.m. 


15th Sept.—‘‘History of the Manchester 
Ship Canal”, with film, “Port of Man- 
chester”, by E. Greenwood. 

24th Sept.—Ladies’ Day (Ship Canal, 
embark Pier Head, Liverpool, 10.30 
a.m.) 

llth Oct.—Visit to Brymbo 
Works (Wrexham, 3 p.m.) 

lith Oct.—‘Welding of Cast Iron.” 
Demonstration by V. J. Swallows, 
Lecture by W. H. Holland (Wrexham 
Technical College, 7 p.m.) 

10th Nov.—‘‘Weld Radiography”, by 
Dr. L. Mullins (Liverpool Central 
Library, 7.15 p.m.) 

13th Dec.—“The Practice of Metalliz- 
ing.’ Demonstration by E. W. White- 
lock, Lecture by H. F. Smith. 

10th Jan.—‘Prefabricated Welding of 
Ships’ Structures”, by J. W. Day. 

14th Feb.—‘“‘/ron Powder Electrodes”, 
by A. B. Fieldhouse. 

14th Mar.—** Welding and the Draughts- 
man”, by H. B. Merriman. 

11th Apr.—23rd Annual General Meet- 
ing and Film Show. 

21st Apr.—1!7th Annual 
entertain the Lecturers 
Hotel, New Brighton) 
Except where otherwise indicated, 

meetings are held at the College of 

Technology, Byrom Street, starting at 

7.15 p.m. 


Session 1960-61 

An extremely interesting and varied 
programme of talks has been arranged 
for the Winter session of 1960-61. The 
committee look forward to good attend- 
ance and support from members and 
friends old and new. 

This is a particularly noteworthy year 
for the Branch, for it is honoured that 


Steel 


Dinner to 
(Victoria 
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one of its longstanding members, Mr. 
E. Fuchs, M.A., has been elected Presi- 
dent of the Institute for 1960-61. 

A.C.M. 


Sth Oct.—“The selection of 
processes” by B. K. Barber 

19th Oct.—** Mastering imperfections by 
a code of good welding practice” by 
Colin Spencer, Bolton Municipal 
Technical College, Bolton, 7.15 p.m 

2nd Nov.—*A survey of fusion welding 
developments” by A. A. Smith 

7th Dec.—** Automatic welding” by J. A 
Lucey 

4th Jan. 
Wright 

ist Feb.—‘*Electro-slag 
A. M. Horsfield 

Ist Mar.—‘* Methods adopted by a large 
user when purchasing welded equip- 
ment™ by E. Fuchs and W. Ashworth 

6th Mar.—Annual Dinner, Grand 
Hotel, Manchester. 

5th April— Annual General Meeting and 
film shows 


welding 


“Pipeline welding” by R. J 


welding ia by 


With the exception shown, meetings 
will be held in Reynolds Hall, College of 
Science and Technology, Manchester, 
at 7.15 p.m. 


N.E. Tees-side 


8th Sept.—Works Visit to I.C.1. Central 
Workshops, Billingham 

10th Oct.—Open Discussion 

23rd Nov.——“‘Some notes on shipyard re- 
organization” by R. Ibeson, (Joint 
with N.E. Coast Eng. & Ship.). 

12th Dec.——“* Design, fabrication, and as- 
sembly of walking dragline excavators” 
by C. McL. Cameron. 

9th Jan.—** Weld interpretation by radio- 
graphic methods” by T. W. Brown 

13th Mar.—‘‘Ferrous welding metal- 
lurgy” by T. E. M. Jones 

10th April—Annual Meeting and Chair- 
man’s Address 


14th Oct.—*“ Developments in shipbuiid- 
ing steels” by E. E. Clark 

3rd Nov.—““Some aspects of CO, weld- 
ing” by F. Collins and G. Blackhurst 

Ist Dec.—Electro-slag process” by 
D. J. W. Boag 

3rd Dec.— Branch Dinner 

Sth Jan.—*Some special applications of 
welding in steam, gas turbine, and 
nuclear power plants” by Dr. J. M. 
Robertson 

2nd Feb.—‘“Gas cutting” 
Davies 


2nd Mar. 


by G. Sims- 


“The work of B.W.R.A.” by 
H. F. Tremlett 


4th Mar.—Visit to Clarke, Chapman & 
Co. Ltd., Gateshead 


13th Apr.—“Computer controlled cut- 
ting” by R. Sillifant 


Preston 


12th Oct.—Chairman’s Address and 
Films, Harris Technical College, 
Preston, 7.15 p.m. 

9th Nov.—‘‘Economics of machine tool 
purchase” by J. Borsay, Harris Tech- 
nical College, Preston, 7.15 p.m. 

5th Dec.—*Pipe line welding” by R. J. 
Wright, Lancaster Technical College, 
7.15 p.m. 

18th Jan.—‘Fabrication and brazing of 
copper pipes’ by G. F. Charge, 
Municipal College, Burnley, 7.15 p.m. 

24th Feb.—**Future of gas shielded weld- 
ing’ by A. A. Smith, Technical Col- 
lege, Barrow, 7.30 p.m. 

8th Mar.—‘‘Recent developments in 
U.S.S.R.” by Dr. D. S. Galloway, 
Harris Technical College, Preston, 
7.15 p.m. 


Sheffield 


26th Sept.—Visit to Thorncliffe Works 
of Newton Chambers & Co. Ltd., 
Chapeltown, followed by lecture by 
W. J. Colton 

10th Oct.—Visit to Sheffield College of 
Technology, Department of Engineer- 
ing, followed by talk by H. W. 
Hodson 

7th Nov.—** Welding for the construction 
of weldments for low temperature 
service’ by R. E. Lismer 

12th Dec. 
railway rolling stock” by G. Walton. 
Joint meeting with the Institution of 
Production Engineers, Sheffield sec- 
tion 

9th Jan.—Annual Branch 
Royal Victoria Hotel 

16th Jan.—** Use of welding in chemical 
plants in the U.K.A.E.A.” by F. S. 
Dickinson. Joint meeting with the 
Rotherham College of Technology 
Engineering Society 

13th Feb.—*Electro-slag welding™ by 
W. K. B. Marshall 

13th Mar.—**Heat-affected zone crack- 
ing in austenitic chromium-nickel 
steels’ by H. F. Tremlett 


Dinner 


Meetings, other than the Joint ones, 
are held at the Grand Hotel, Sheffield, 
commencing at 7.0 p.m. 


Southern Counties 


20th Oct.—* Welding of austenitic and 
corrosion resisting steels’ by J. A. 
McWilliam 

17th Nov.—*Pipe line welding” by R. J. 
Wright 


“British Railways welding of 


8th Dec.—** Welding of motor car bodies’ 
by J. H. J. Church 

19th Jan.—Meeting with the Naval 
Architects and Marine Engineers 

16th Feb.—To be arranged 

16th Mar.—‘‘Lead burning, etc.” by 
L. B. Smith 

13th April—Annual General Meeting 
and technical film 


2nd Nov.—Demonstration Electro- 
slag welding, at Burnett & Rolfe Ltd., 
The Esplanade, Rochester, 7.30 p.m. 

22nd Feb.—‘Pipe line welding”. Joint 
meeting with Institute cf Petroleum, 
King’s Head Hotel, Rochester, 7.30 
p.m. 

22nd Mar.—Brains Trust’, Sun Hotel, 
Chatham, 7.30 p.m. 

10th April—Annual General Meeting, 
Sun Hotel, Chatham, 7.30 p.m. 


South Western 


10th Oct.—**Arc welding power sources”™ 
by J. A. Lucey, Radiant House, 
Bristol, 7.15 p.m. 

7th Nov.—Film Show—Steel Produc- 
tion—School of Technology, Glouc- 
ester, 7.15 p.m. 
Sth Dec.—Welding Forum, 
House, Bristol, 7.15 p.m. 
9th Jan.—*Future of gas shielded weld- 
ing” by A. A. Smith, Radiant House, 
Bristol, 7.15 p.m. 

6th Feb.—*“Structural design for weld- 
ing’, by R. J. Fowler, Stothert & 
Pitt's Canteen, Bath, 7.15 p.m. 

6th Mar.—** Non-destructive testing” by 
Mr. Gibbs, Radiant House, Bristol, 
7.15 p.m. 


West of Scotland 


19th Oct.—** Weld 
E. J. Grimwade 

15th Nov.—*Universal beams—after 
two years” by A. W. Turner. Joint 
meeting with the Institute of Struc- 
tural Engineers 

21st Dec.—‘Electro-slag welding” by 
A. M. Horsfield 

18th Jan.—*Welding and design in the 
fabrication of high strength steels” by 
L. H. Liston 

15th Feb.—‘‘Further thougnts on ship- 
yard re-organization” by D. B. 
Kimber 

1Sth Mar.—‘Electric pre-heating and 
stress relieving” by R. McGlashan 

30th Mar.—Visit to the Fairfield Ship- 
building & Engineering Co. Ltd., 
Glasgow 

19th April—Annual General Meeting 
and Film Night 


Radiant 


radiography” by 





19th Oct.—Chairman’s Address by 
E. J. Mitchell, Old Wulfrunians Club 

16th Nov.—‘‘ Weld inspection” by A. H. 
Goodger 

7th Dec.—** Welding and physical metal- 
lurgy” by T. Fullwood 

18th Jan.—‘‘Construction and erection 
of Maidenhead by-pass Thames bridge” 
by J. S. Allen 

15th Feb.—‘*Welding of austenitic to 
ferritic steels” by F. S. Dickinson 

15th Mar.—‘The prospect for 
shielded welding” by A. A. Smith 

March or April—Works visit to be 
arranged 

14th April—i6th Annual Dinner and 
Ladies’ Night, Wulfrun Hall 

17th April—Annual General Meeting 

May or June—i2th Annual Meeting 
with Liverpool Branch 


gas- 


NAMES AND ADDRESSES OF 
BRANCH SECRETARIES 

For the benefit of members who may 
wish to attend meetings at branches 
other than their own, or to make con- 
tact with other members we give the 
following list of Honorary Secretaries 
and their addresses: 


Birmingham; J. R. MERTHER, 9 Brook 
Street, West Bromwich, Staffs 

Eastern Counties: J. A. EDWARDs, 
Corner Ways, Fingringhoe Road, 
Abberton, Nr. Colchester, Essex 

East Midlands: K. HouGHTON, 20 
Shirley Road, Leicester 

East of Scotland: R. D. Berry, 13 Craigs 
Gardens, Edinburgh 12 

Indian: B. N. MAJUMDAR, c/o Associa- 
tion of Engineers, 24 Netaji Subhas 
Road, Calcutta | 

Leeds and District: M. W. PARKINSON, 
1106 Leeds Road, Woodkirk, Dews- 
bury, Yorkshire 

Liverpool: H. R. Cox, 21 
Drive, Bebington, Cheshire 

Manchester: A. C. Wuite, 78a Sandy 
Lane, Prestwich, Manchester 

North Eastern (Tees-side): F. G. BAT- 
CHELOR, 5 Dionysia Road, North 
Ormesby, Middlesbrough 

North Eastern (Tyneside): T. S. Nicor, 
Bolbec Hall, Newcastle upon Tyne | 

North London: J. F. Gipss, 927 Great 
Cambridge Road, Enfield, Middlesex 

North London (Slough Section): J. F. 
GALLAGHER, 3 Hazel Grove, Staines, 
Middx. 

Preston: R. Ropinson, Daneham, Pope 
Lane, New Longton, Preston, Lancs 

Sheffield: G. W. CraGcG, Highcroft, 22 
Lilly Hall Road, Maltby, Rother- 
ham, Yorks 


Oaklands 


NEWS AND ANNOUNCEMENTS 


Southern Counties: J. H. Grucespie, 12 
Burlington Road, Southampton, 
Hants 


South London: J. P. Moore, 110 King- 
ston Road, Teddington, Middlesex 


South London (Medway Section): P. 
MurreELL, 21 Wayville Road, Dart- 
ford, Kent 


South Wales; G. BerripGe, 7 Alison 
Court, Newton, Porthcawl, S. Wales 


South Western: G. W. Ricsy, 10 
Roundmoor Close, Saltford, Nr. 
Bristol, Somerset 


West of Scotland: H. H. MACKINTOSH, 
144 St. Vincent Street, Glasgow C.2 
Wolverhampton: J. W. GETHIN, c/o Old 
Park Engineering Ltd., Holly Hall, 

Dudley, Worcs. 


NEWS FROM INDUSTRY 


Soviet Welding Delegation Visits U.K. 

At the time of going to press, arrarige- 
ments had been made, under the 
auspices of the British Electrical and 
Allied Manufacturers’ Association, for 
a team of Russian welding experts to 
visit British welding firms and organ- 
izations from 16th September to 7th 
October 1960. 

The Russian team is to be headed by 
B. E. Paton, Director of the Soviet 
Institute of Welding, and other members 
will be: V. P. Sokolov, Chief Welding 
Engineer of Soviet welding plant; V. P. 
Andreev, Chief of the Welding Depart- 
ment of the Soviet Research Institute; 
M. I. Baranov, Engineer in welding 
applications in the automobile industry; 
and L. B. Kolesmikov, interpreter. 

A report of the delegation’s visit will 
be given in a later issue of B.W.J. 


Steels for Reactor Pressure Circuits 


The Iron and Steel Institute is to 
organize a symposium on this subject, as 
part of the activities of the British Nu- 
clear Energy Conference. 

The symposium will be held from 
30th November to 2nd December in the 
Hoare Memorial Hall, Church House, 
Westminster. 

The provisional programme includes 
discussion of papers under the following 
headings: 


Session I—High-temperature proper- 
ties 


Session Il 
Session III 
Session IV 


Corrosion 
Fabrication aspects 
Irradiation effects 
Session V—Steels for future reactors. 


Full details of the symposium may be 
obtained from the Secretary of the Iron 
and Steel Institute, 4 Grosvenor Gar- 
dens, London S.W.1. 
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NEW PLANT AND EQUIPMENT 


Capacitor discharge controller 

A stored-energy controller (Types 
CD 1 and CD 2) for supplying precise 
amounts of power to the welding 
electrodes, regardless of mains fluctua- 
tions, is now being produced by Hirst 
Electronics Ltd. The unit operates on 
normal wiring installations, having its 
own built-in stabilized d.c. supply, with 
a maximum alternating current demand 
of | amp. 

The controller can deal with extremely 
short weld times—1!5 millisec max., and 
3 millisec min. with quick recovery 
periods. 


Small bevel cutter 


A small version of the B.O.G. ‘Alyn’ 
bevel cutter has been developed for use 
by the Central Electricity Generating 
Board. The machine was first used to 
prepare the ends of 2% in. dia. tubes for 
replacing damaged sections in the 
Bromborough Power Station boilers. 

The models now in production in- 
corporate rotary gas valves and a 
method of micro-setting for the position 
of the cut. 


Electrode dryer 


One of the few entirely British stands 
at the 12th Liége International Fair, in 
June, was that of the Spooner Dryer and 
Engineering Co. Ltd., of Ilkley. Their 
main display was a prototype of a new 
automatic welding electrode drying 
machine, shown in the accompanying 
illustration. 


High-speed cutting nozzles 

An addition to the ‘Saffire’ range of 
equipment has been made by British 
Oxygen Gases Ltd. by the introduction 
of new high-speed nozzles that have been 
developed for machine cutting. 

The cutting orifices are of convergent- 
divergent form, to make the oxygen 
leave the nozzle at high speed in a 
parallel stream. This results in high 
linear cutting speeds—45 ft/hr on 7 in. 
plate, or 100 ft/hr on 1 in. plate. 


Zn-Al metal spray coating 


At the Institute’s Spring Meeting, 
reference was made to development 


work on the application of Zn—Al 
powder mixtures and alloys for the 
prevention of corrosion of iron and 
steel. 

F. W. Berk & Co. Ltd. (Coating 
Division) have now announced the 
production of ‘Berkalloy’ Zn-Al metal 
spray coating in powder form for appli- 
cation by flame spraying equipment. 

The coating has universal corrosion 
prevention properties, and extensive tests 
have shown that the new coating gives 
equal protection under alkaline and 
acidic conditions of corrosion. 
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Automatic vertical welding 


In the August issue of B.W_J/. (p. 591) 
a brief description was given of the 
Rockweld Circomatic seam welding 
machine. At the time this machine was 
being demonstrated at the Liége Inter- 
national Fair a further development, the 
Comatic machine, was also shown in 
prototype form. 

Although the full technical details of 
this machine are not yet available, the 
following brief description may be of 
interest. 

The Comatic welder has been designed 
specifically for the automatic welding of 
the vertical seams of large storage 
tanks; in effect, it complements the 
Circomatic horizontal seam welder. The 
basic operational principles of the 
machine combine those of the Rock weld- 
Vus Vertomatic electro-slag welding 
equipment and the Comet CO, process. 
Thus the high deposition rates of CO, 
welding have been combined with the 
method of weld formation, by the use of 
moving water-cooled copper shoes, that 
is a feature of electro-slag welding. 

The new equipment can be used for 
welding plates from 4} to 2% in. thick. 
This is a particularly useful feature, for 
the electro-slag process is generally not 
suitable for plates below about 1} in. 
thick. Welding speeds are comparable 
with those of normal CO, equipment 
but are much faster than those obtain- 
able with the electro-slag process; for 
example, a joint between } in. thick 
plates can be welded at a rate of 15 ft/hr. 

The illustration shows the head of the 
machine, which is mounted with all 
controls and wire drum on a twin-track 
vertical frame. This frame in turn is 
attached to, and supported by, the shell 
of the storage tank. For the thinner 


range of plates the arc is kept central in 
a small gap between the square-edged 
plates. This provides sufficient wall 
penetration. For thicker materials the 
filler wire is made to oscillate across a 
wider gap, in the same way as in the 
electro-slag process. 

The power supply to the equipment is 
a standard drooping-characteristic gen- 
erator, or a transformer-rectifier, rated 
at 750 amp continuous duty, and fitted 
with current control only, for the weld- 
ing head is equipped with arc-voltage 
control. 


| 
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Comatic vertical welder 





20th Oct. 


24th-27th Oct. 


CORRECTION 
The date of publication of the Sir 
William Larke Medal paper (News 
Section, August 1960 issue, p. 532, foot 
of 3rd column) was inadvertently given 
as 1956. This should have been May 
1958 


DIARY 


Sth Oct.—Leeds—*Practical approach 
to distortion problems” by J.S. Waring 
(Hotel Metropole, Leeds, 7.30 p.m. 
Manchester—“The selection of weld- 
ing processes’ by B. K. Barber 
(Reynolds Hall, College of Science 
and Technology, 7.15 p.m.) 

10th Oct.—N.E. Tees-side—Open dis- 
cussion 
Sheffield-— Visit to Sheffield College of 
Technology, Dept. of Engineering, 
followed by talk by H. W. Hodson 
South Western—*Arc welding power 
sources” by J. A. Lucey (Radiant 
House, Bristol, 7.15 p.m.) 

10th-11th Oct.—School of Welding 
Technology—Course D13/2—Resid- 
ual stresses and stress relief 

lith Oct.—East Midlands—**A prac- 

tical approach to the problem of dis- 
tortion” by J. S. Waring (Notting- 
ham) 
Liverpool—Visit to Brymbo Steel 
Works (Wrexham, 3.0 p.m.); Demon- 
stration of welding of cast iron, by 
V. J. Swallows (Wrexham Technical 
College, 7.0 p.m.) 

12th Oct.—Preston—Chairman’s Ad- 
dress and films (Harris Technical 
College, 7.15 p.m.) 

12th-14th Oct.—School of Welding 
Technology—Course D12/2 Prac- 
tical control of distortion 

14th Oct.—N.E. Tyneside—** Develop- 
ments in shipbuilding steels” by E. 
E. Clark 

14th Oct.— Birmingham Chairman’s 
Address “The other applications of 
oxygen” by K. H. Purdy (Grand 
Hotel, Birmingham, 7.30 p.m.) 

19th Oct.—East of Scotland—Chair- 
man’s Address (25 Charlotte Square, 
Edinburgh, 7.30 p.m.) 

Manchester “Mastering imperfec- 
tions by a code of good welding 
practice” by C. Spencer (Reynolds 
Hall, College of Science & Tech- 
nology, 7.15 p.m.) 

West of Scotland “Weld radio- 
graphy” by E. J. Grimwade 
Wolverhampton—Chairman’s Address 
by E. J. Mitchell (Old Wulfrunians 
Club) 

Southern Counties—** We/d- 

ing of austenitic and corrosion resist- 

ing steels” by J. A. McWilliam 

Eastern Counties.—‘‘Fabrication of 

Plastics” by D. Shorten (Ipswich.) 

School of Welding 

Technology—Course D18/1—Metal 

spraying 





Current 
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WELDING LITERATURE 





Book Reviews 
Additions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 


Processes, published by the International Institute of 


Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Journal of the Japan Welding Society, 1960, vol. 29, 
April 
Observations of studies on the weldability of structural, 


quenched and tempered steels; Part 3, T. Yoshida and others 
(3-14) 


Studies on porosity in welded joints; Report 1, Y. Ando and 
others (30-36) 


Some basic experiments of acetylene purifier; Report 2, 1. Ueda 
and H. Shinotani (37-39) 


Study on soft soldering; Report 2, T. Kawasaki (40-43) 
Study on soft soldering; Report 3, T. Kawasaki (44-47) 


4 proposal to find out easily arc stability of welding electrode, 
T. Yoshida and others (48-55) 


On carbon arc blasting; Report 1, M. Nakatsukasa (56-59) 
La Pratique du Soudage (Belgium), 1960, vol. 14, April 


Zinc brazing in architecture, J. Liegeois (69-71) 
Welded construction of metal framework; Part 2 (72-79) 
The functions of the coatings of coated electrodes (80-81) 


Przeglad Spawalnictwa (Poland), 1960, vol. 12, No. 7 
Standardization in welding in the light of technique develop- 
ment resolutions, Z. Dobrowolski 
Joining of metals by means of synthetic resins, R. Brzozowski 
Power demand coefficient in shipyard welding installations, 
R. Kensik 
How to qualify welders; Part Il, E. Macalik 


Schweissen und Schneiden (Germany), 1960, vol. 12, 
June 
Curved railway bridge, A. Ohlemutz (255-258) 
Completely welded railway bridge in lattice construction, U. 
Giehrach (258-261) 
Welding fixtures in structural steelwork, A. Coblenz and R. 
Oswald (262-266) 


Application of flame-cutting in ship construction, H. 


Koops 
and J. Bentfeldt (267-279) 





Schweisstechnik (Berlin), 1960, vol. 10, May 


On the fatigue strength of fillet welds, A. Neumann and H. 
Reinel (170-174) 


Identification markings, classification and guarantee of quality 
of fluxes for submerged are welding, G. Becker (175-178) 


What did the Educational Exhibition for Standardization offer 
to the welding experts? W. Becker (179-185) 


Damage caused by fire due to carelessness during welding 
operation, F. Lausch (185-186) 


South African Institution of Welding Monthly Bulletin, 
1960, No. 82, May 


Welding in the United States today (6-13) 


Welding Design and Fabrication (U.S.A.), 1960, vol. 33, 
May 
Electron beam welding: strong, ductile welds in the active 
metals (32-33) 
How to get better weldments faster, W. R. Edwards (36) 
Lighter, stronger frame is fabricated from high-strength steel, 
J. G. Locklin and F. C. Fleck (38-40) 
Continuous fluoroscoping speeds inspection of submerged arc 
welded line pipe (45) 
Highway bridge floor panels are designed for welded fabrica- 
tion (46-48) 
Why vacuum brazing makes better joints, R. F. Gunow (54-55) 


Current analyser reduces spot welding set up time, M. A. 
Ferguson (56-58) 


How to weld molybdenum; Part 1, (60, 62-63) 


104 miles of welded steel piping help make ice for skating rink 
(66-67) 


Welding Design and Fabrication (U.S.A.), 1960, vol. 33, 
June 
Production line fabricating and welding a 1,200-ton steel space 
frame (43-44) 
Better fluid lines with brazed fittings, D. F. Collins (45) 


Good machine design: saves $1,600 and takes a quarter less 
space (46) 


How to weld molybdenum; Part 2 (50-52) 

In-motion X-ray speeds inspection of large tank weldments, 
W.C. Hitt and D. J. Hagemaier (54-55) 

Welded elevator engines are built to take it (56-57) 
Automation of spot and seam welding (59-61) 

High frequency seam welding is versatile (62-63) 

Special flash butt welder joins alloy tool steel to mild steel (65) 
Spot welding thin to thick (66-67) 

Expendable electrodes are used in spot welding waffle-type 
honeycomb panels, M. H. Bester (68-69) 


RWAA explains hardness testing of resistance welding elec- 
trodes, H. A. Mullen (70, 72) 
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Welding Engineer (U.S.A.), 1960, vol. 45, May 


Fundamentals of oxyacetylene welding (38 40) 
Better controlled dimensions with magnified template drawings, 
R. L. Deily (42-43) 
Missile optical systems housed in Mig welded aluminium cones 
(44-45) 
Photoelectric control aids weld uniformity, J. Melton (46-47) 
Welding speeds building of large space frames (50, 52) 
Honeycomb brazed in cold wall furnace (54) 
Zirconium alloy tubes improve reactor design (58) 
Quenchable deposits speed cast-iron repair (60) 

Welding Production (U.S.S.R.., the 

B.W.R.A.), 1959, November 
Experience in the work of the Central Experimental Welding 
Shops of VNIIAVTOGEN in the Light of the Decisions of the 
June Plenum of the Central Committee of the C.P.S.U., 
4. N. Shashkov 
Automatic Submerged-arc Welding of Thin Sheets of Dissimilar 
Steels, K. V. Lyubavskii and M. |. Sorokina 
Automatic Submerged Arc-welding of Commercially Pure 
Nickel with a Ceramic Flux, K. V. Bagryanskii and others 
Adhesive-welded Structures and their Use, V. N. Shavyrin 
Characteristics of Austenite Transformation during Fusion 
Welding, M. Kh. Shorshorov, B. A. Smirnov and V. \V 
Belov 
Measurement of Stresses in Welded Press 
Novichkov 
Study of Corrosion Resistance of Aluminium Welds, N. N 
Skvortsov 
Electro-slag Welding of Turbine Discs from Austenitic and 
Pearlitic Steels, M. M. Timofeev and E. P. Molchanov 
Improved Equipment for CO,-shielded Arc Welding, |. | 
Brinberg, V. N. Suslov, E. Ya. Tselniker and D. A. Grudkin 
Using Suspended Seam Welders in manufacturing Motor-car 
Bodies, A. |. Gulyaev 
Mechanization of Work on Assembling and Welding in Pro- 
ducing Road Vehicles, B. |. Avdeey and V. P. Kolesnikovy 
The Universal Welding Manipulator USM-1200, |. A. Brovko 
Welded Acetylene Cylinders, |. 1. Strizhevskii and S. P. 
Kalmanovich 
Table Endoscope for Inspection of Welds, L. \ 
M. V. Pavlev 
Welding Current Remote Control, V. N. Kulikov 
Semi-automatic Welding of Body Brackets, A. A. Trigub 
New Welding Techniques at the USSR National Economy 
Achievements Exhibition of 1959, |. A. Brovdo and K. I 
Rx eva 
Automation and Mechanization of Welding Operations in 
Siberian Enterprises, A. Z. Maikov 
Stalingrad Welders discuss the Problems of Development and 
Use of Progressive Methods Welding, D. N. Ruze and S. \V 
Yunger 
New State Standards on Regulators for the Flame-treatment of 
Metals, V. V. Bykov and V. A. Korshunova 
The Effect of Storage Time on the Hydrogen Content and 
Mechanical Properties of Arc Welds made with Coated 
Electrodes 
Main Recommendations for Oxygen-cutting of Mild and Low- 
alloy Steels 
Soviet Welding Literature, \ 
Soviet Inventions in Welding 


translated by 


Frames, P. V. 


Golub and 


\. Nevskil 


Other Journals 


New fusion-welder. Fully-automatic boom-manipulator type 
machines for North America (Aircraft Production, 1960, vol. 22, 
May, pp. '#7-188) 

Ultra-high tensile steels. Machining 120-ton alloys. Use of 
cutting-fluids and carbon-dioxide coolant, L. L. Arundel and 
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R. Kitchingham (Aircraft Production, 1960, vol. 22, 
pp. 176-186) 

Non-destructive testing of welds, W. M. Wedderburn (Engin- 
eer and Foundryman, 1969, vol. 25, March, pp. 32-38) 
Training in radiography — the present position, H. A. MacColl 
(The British Journal of Non-Destructive Testing, 1960, vol. 2, 
April, pp. 1-2, 3) 

Experimental work on the use of gamma ray scatter for the 
production of radiographic images, E. E. Baines (British 
Journal of Non-Destructive Testing, 1960, vol. 2, April, 
pp. 4-8) 

The application of irradiation in industry, M. C. Crowley- 
Milling (Proceedings of the Institution of Electrical Engineers 
1960, vol. 107, Part A, April, pp. 111-126) 

Welding an all-steel boat, H. B. Irvine ( African Oxygen, 1960, 
vol. 5, March, pp. 2-3) 

Aluminium pipework. An introduction to its use, and methods 
of manufacture (Pipes and Pipelines, 1960, vol. 5, April, 
pp. 35-38, 44) 

Steel pipe manufacture (Pipes and Pipelines, 1960, vol. 5, 
April, pp. 45-52) 

Shop fabrication speeds erection of large welded vessels 
(Commonwealth Engineer, (Australia), 1960, vol. 47, 5 March, 
pp. 50-51) 

Fabrication of clad steels, S. Rowden (Engineering Materials 
and Design, 1960, vol. 3, June, pp. 334-338) 
Reconstruction of a store, J. N. Turnbull (New 
Engineering, 1960, vol. 15, 15 March, pp. 101-105) 
Electron beam welders (Engineering, 1960, vol. 189, 29 April, 
pp. 588-589) 

Ultrasonic welding. Preliminary 
titanium alloy (Aircraft Production, 
pp. 199-200) 

Cast-to-shape tool steels gain favour with industry (/ron Age 
(U.S.A.), 1960, vol. 185, 28 April, pp. 104-110) 


May, 


Zealand 


results in the joining of 
1960, vol. 22, May, 


ADDITIONS TO THE LIBRARY 


BOOKS AND PAMPHLETS 


AMERICAN WELDING Society: Specification C 2.7-59: Three- 
year interim report of corrosion tests on metallized coatings 
New York, A.W.S 

BRITISH STANDARDS INSTITUTION: 

BS.1140:1957. Spot welding of light assemblies in mild steel 
London, B.S.1. (4s 6d) 

BS.2901: Part 2:1960. Filler rods and wires for inert-gas arc 
welding. London, B.S.1. (Price 7s 6d) 

ELECTRICAL RESEARCH ASSOCIATION: 39th Annual report for the 
vear ended 31st December 1959. Leatherhead, E.R.A., 1960 
Great Britain, Ministry of Labour and National Service: 
Annual report of the Chief Inspector on industrial health for 
the year 1958. (Cmnd.811) London, H.M.S.O., 1959. (Price 

35 6d) 

HENRY WIGGIN AND COMPANY Limited. Welding, brazing and 
soldering of Wiggin nickel alloys. 2nd ed. Birmingham, 1960 

INTERNATIONAL ACETYLENE ASSOCIATION. Official proceedings of 
the annual convention for 1957, Minnesota, 1-3 April, 1957. 
New York, I.A.A., 1960. 

Smitu, A. A. Notes on pipework design. Richmond, Associa- 
tion of Engineering and Shipbuilding Draughtsmen, 1959. 
(Price 3s 6d) 

STANFORD, E. G., 
destructive testing 
1960. (Price 55s) 

WELDING ResEARCH CouNcIL: Bulletin Series 58. Strength of 
aluminium alloy 6061-T4 thick walled cylindrical vessels sub- 
jected to internal pressures, J. Marin and Tu-Lung Weng. 
March 1960, 12 pp 

World list of abbreviations of 
commercial organizations. 2nd ed 
(Books) Ltd., 1960. (Price 25s) 


and Fearon, J. H., editors. Progress in non- 
Vol. 2. London, Heywood & Co. Ltd., 


and 


Hill 


scientific, technological, 
London, Leonard 





The ‘QUICKY’ 


portable oxygen 
cutting machine 





J 
Over 1600 ‘QUICKY’ machines have been sold all over the world 


The “‘Quicky” is precision built, ensuring constant speed and accuracy of cut. 

It weighs only 13lb. The inexpensive two-piece nozzles give long service, and the 
cutter is fitted with a special non-backfiring injector. The cutter can be used with 
alternative fuel gases by simply changing the cutting nozzle. 

Profiles by hana guiding, straight cuts by use of guide rails, circle cutting with 


special trammel—min. dia. 2}” Price £54. May we demonstrate at your works. 


NVMNESSER Industrial Engineering Limited 


43-45 Knights Hill * London * S.E.27 Telephone: GiPsy Hill 6111 


More Information ? Ask for a copy of ‘THE MESSER STORY’ 
OCTOBER, 1960 





Pyrogas 
AT BERKELEY NUCLEAR 
WER STATION 


Pyrogas—one of the Saturn industrial gases—and 

Saturn welding equipment are extensively em- 

ployed in the construction of this mighty Berkeley 

Nuclear Power Station project. Saturn designed 

the pre-heating burners (with the assistance of the 

manufacturers, John Thompson Ltd.) ... and 

supplied the burner parts for the Pyrogas/Air 

mixture prior to the rake burners, the hoses, 

: ea iby: These photographs were taken at Berkeley Nuclear 

regulators and the individual Torches. Power Station, which is being built for the Central 
Saturn also manufactured the 60 cylinder and Electricity Generating Board of Great Britain by 

40 cylinder manifolds. Saturn is doing an important A.E.I.—John Thompson Nuclear Energy Co, Ltd. 

‘ot Destrelen.ond 4 wher 4 ial Inthe smaller picture, the lower bowl of No.1 Reactor 

job at Berkeley—and on many other big industria vessel is being assembled in a temporary shelter, 

projects. Can we help you? prior to being lifted into permanent foundations. 


SATURN INDUSTRIAL GASES LTD 


= 


‘Erl Wood’, Windlesham, Surrey. Telephone: Bagshot 2441 
BRANCHES ; GLASGOW - ALDRIDGE - MANCHESTER - SHEFFIELD - LYMINGTON - SUNDERLAND - THORNABY-ON-TEES 


SIG. 6 
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second-to-none 


Yates Plant offer you the widest 
and most comprehensive range of 
manipulative equipment. Every 
item in that range is made to 

the highest engineering standards 
in the Baker Perkins Works at 


Hebburn on Tyne. 


The NEW Yates patented Twin Pillar 
Column with retractable Boom, of rigid 
design to obviate any deflection at the 
A team, comprising technical weld point. The machine illustrated has 
representatives and installation an 18 ft arc height and a 16 ft retractable 
engineers, is always at your service - Boom movement. Controls for all 
= . movements of the Column and Boom 
to advise on the most economical end Retaear eet ere at the end of the 


and practical equipment, and to Boom and are also duplicated at 
ground level. 





ensure that it performs to your 


entire satisfaction. 


For further details please write to: 


YATES PLANT LTD. 


Bedewel! Works, 
Hebburn-on-Tyne, Co. Durham. 
Telephone: jarrow 897124 


A member of the Baker Perkins Group 


150 ton capacity rotated Self Propelled Carriage Rotator set. * 
With this design the carriages move themselves inwards or A Yates 20 ton Travelling Self-aligning Rotator 
outwards to suit any vessel diameter. Note the large projection set with integral bogies. The idler 
clearance on the wheels which is achieved by an unit incorporates the well known 


internal gear drive. patented anti-creep mechanism. 
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"ght to the JOP 


ROYAL ORDNANCE FACTORY PATRICROFT 











The LIGHTWEIGHT 


RAYMAX 150 


Here, five Raymax 150 units make an impressive and 
economic testing installation at the R.O.F. Patricroft. 
Components are tested in narrow space-saving leadply 
tunnels right on the factory floor. When examining 

longitudinal joints the component on the trolley is moved 

down the tunnel by means of a simple chain drive worked 
externally by the radiographer. As shown in the 

illustrations, the Raymax 150 is sunk in a pit thereby simplifying 

the protective measures necessary as the beam is In this installation the use of leadply tunnels only 4 ft. wide, 


. . instead of larger radiographic rooms, enables a considerable savin: 
always directed upwards against the roof of the tunnel. to be achieved in costly saaician materials, in floor space and in 
time as the components do not have to be taken away from the 
shop floor. The gas-tnsulated Raymax 150 weighs only half conven 
tional oil-insulated units. It gives high radiographic output, and its 
special design eliminates high voltage cables, rectifying valves 
and associated filament transformers. 


Write for publication SP.7176/1 to your local AEI office 
or direct to: 


Associated Electrical Industries Ltd. 
instrumentation Division 


Scientific Apparatus & X-ray Department 
132-135 LONG ACRE, LONDON, W.C.2. 


BRITISH WELDING JOURNAL 





RESISTANCE WELDING MACHINES 


A COMPREHENSIVE RANGE OF MACHINES CAN BE SEEN 
IN OUR WELDING DEMONSTRATION WORKSHOP 


WE INVITE YOUR ENQUIRIES 


MERITUS (BARNET) LTD. 


BARNET, HERTS. BAR. 2291/2 
Gold Medal and Bronze Medal. Brussels World Exhibition 1958. The Engineering Centre Collective Exhibit. 





Footmen are aloof to Bennett’s gloves — 


but they’re vital for jobs 
‘on hand’ 


A wide range of quality industrial | i 1/, 
Gloves, Mitts, Aprons and Clothing | \,':: ty 

in leather, rubber, asbestos, |.\ 

plastic and various fabric materials ! 

are made and stocked for all | = 
trades and processes. Technical |/';,°\\> / 
Representatives are available for : 
| ~ Ee in all parts of the | |||, 
=: Isles at short notice. itt 


BENNETT'S 
Fre tamnne GLOVES 


H. G. BENNETT & CO. (Gloves) LTD. - Industrial Glove Specialists - LIVERPOOL 23 - GREat Crosby 3996/7 


i ‘ ' 
i 1°} \ \ H 
; 4 
ve! ' I 4 


Cvs-1 
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WONDESTBUGTUYE 
rigs Vay 





RADIOGRAPHY 


on site — 
—in your works — 
—in our LABORATORY 
HEAD OFFICE at BLD 48 


BIX. LTD — ¢é _Lonpon airport 
75 HIGH HOLBORN A HOUNSLOW 
LONDON, WCI L MIDDX 
CHA 4183 n8né SKY 1537 








INSPECTION SERVICES LTD 
Oldfields Trading Estate 


Sutton By-Pass, Sutton, Surrey. 


NON-DESTRUCTIVE EXAMINATION OF WELDING 
CONCRETE, ETC., BY X-RAY, GAMMA RAY, 
ULTRASONIC AND CRACK DETECTION 
A.D. APPROVED TEST HOUSE 


Telephone: Fairlands 4546. 








ULTRASONOSCOPE CO. (London) LTD. 


One of the pioneer teams offer the complete Ultrasonic 
testing service: 

%& Manufacturers of Ultrasonic Flaw Detectors 

% Consultants in Ultrasonic Flaw Detection 

% Ultrasonic Inspection Service 

%& Designers of Special Equipment 


SUDBOURNE ROAD, BRIXTON HILL, 
LONDON, S.W.2 Tel: BRixton 404! 














THE ARDROX No. 996 


FLAW 
DETECTION KIT 


Using self spraying aerosol dispensers. 
A.1.D. approved process for all crack 
detection on welds bar and sheet. 


BRENT CHEMICAL PRODUCTS LTD 


COMMERCE ROAD, BRENTFORD, MIDDLESEX 
Telephone: ISL. 5444/5/6 








‘Palmer 


NON-DESTRUCTIVE TEST SERVICE 


X-Ray and Gamma-Ray serv (Test Hc 

and Mobile) *® Magnetic crack tes 
Fluorescent crack testing ¥ Ultra-son 
testing ¥ Pressure testing ir and h yd 
raulic % Low temperature tostien = Film 
processing and radiological reports 
Palmer Aero Products Ltd 


AERO PRODUCTS DIVISION BTR INDUSTRIES LIMITED 





PENFOLO STREET LONDON N.W.8 TEL: PADDINGTON 8822 6/JI2ZIA 








MANCHESTER OIL REFINERY 
(SALES) LTD 


76 Jermyn Street, London, S.W.|! 


Specialists in non-destructive testing by the Electro- 
magnetic and penetrant methods. 


Supramor and Lumor magnetic inks. 
Britemor and Glomor fluorescent penetrants. 


Verimor and Verimor (Solvent Process) dye pene- 
trants. 


Devmor (High Flash Developer). 











Revolutionise your entire inspection and quality control pro- 


gramme with: 


XERORADIOGRAPHY 


the new process which reduces inspection time and makes 
100°, inspection economical. 


For further information please write to: 


RANK XEROX LTD., 


33—41 Mortimer Street 
LONDON WI 14 


Telephone No: MUS 5432 














NON-DESTRUCTIVE WELD 
EXAMINATION 


The School of Welding Technology will hold a course 
on this subject from 13th to 17th February 1961 
inclusive at the Institute of Welding. For further 
details of this and other courses send for prospectus. 


Dept. NDE. INSTITUTE OF WELDING 
54 Princes Gate, Exhibition Road 
London S.W.7. 
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For all Engineering Libraries 


THE A.W.S. 


WELDING 
HANDBOOK 


Fourth Edition, revised, 





7 Designed 
of a 5-volume library 
: to measure 


BOOK THREE | BBE | short puises 
a] am ||| of heavy 


Special Processes and Cutting eurrent 


can now be bought for sterling 


You can buy this treasury of reference material, tables, data 

the distilled experience of research men and great firms, such 
as only a learned society could elicit—for a price that a single 
reference might repay a hundredfold in saved labour and 
material. 


The standard instrument has 6 ranges 
covering readings of 100 to 100,000 amps, The 
readings are obtained by the use of toroids which 
can be split and placed around the heavy current 
conductor. Indication is stored enabling readings 
to be taken minutes after the weld is made. 

This edition of Part III contains entirely new chapters on Can be used with welders employing synchronous 
Welding of Plastics, Adhesive Bonding of Metals, Ultrasonic 
Welding and Welding by Cold Working, as well as detailed 
studies of Thermit Welding, Brazing and Soldering, Surfacing 
of Metals, Metallizing and Cutting. 72s. 


and non-synchronous and energy storage controls. 





MANNA 


/| 


Illustrated leaflet 
Sent on request 


AY 


WA 


Descriptive folder on request ' ’ 
/ / if | ! tt ' } 
CLEAVER-HUME PRESS LTD. Ey ei odlhineese ae, 


31 Wrights Lane, London, W.8 GATWICK ROAD, CRAWLEY, SUSSEX 


“TAKE M 
USE 
SIFBRONZE 
EQUIPMENT!” ooviicvus 


“DEMON” BLOWPIPES:— SIF-COMBI PROFILE CUTTING MACHINE 
General Duty and Cutting Models. An automatic dual-purpose machine for all kinds of 
, cutting work. 
SIFBRONZE REGULATORS 
SIF-COLIBRI CUTTING MACHINE Modern precision instruments giving constant pressure 
and volume. 








The clockwork machine which turns a hand cutter into 
a precision machine cutter. Ideal for flame cutting on SIFBRONZE CATSEYE GOGGLES 
site. The most advanced type on the market. 


If you want to know SUFFOLK IRON FOUNDRY [1920] Ltd., Stowmarket, Suffolk. 
how S ifbronze equi pment Please send me leaflets detailing Sifbronze equipment. 
can help you, 

fill in the coupon 


right away. 


NAME 





ADDRESS 
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THE INSTITUTE OF WELDING 


FOR QUICKNESS 
AND POWER 
USE CLAMPS BY anew evening course 


for London 


Design for Welding 


BRAUER “Quick Action” IN GENERAL ENGINEERING 
TOGGLE CLAMPS are 
saving thousands of man- 
hours wherever they are 
used in industry. Their fast 
and effortless action gives | 18 OCTOBER-20 DECEMBER 1960 
powerful accurate holding. 

Whether you are drilling, 

milling, welding, brazing, 

glueing or bonding, etc., in 

metal, wood or plastic 

materials BRAUER 

“Quick Action” TOGGLE 

CLAMPS will save you syllabus 

time and money. 





Arc welding processes and their relation to design; 
manual and automatic processes. Control of weld quality; 
service performance and severity of inspection; methods 
of non-destructive weld examination. Principles of mat- 
erial selection for welding; mild and low alloy steel ; stain- 
less steels; aluminium. Principles of design for welding; 
design of welds, weld groups, welded joints and typical 
welded connections. Special design considerations of 
fatigue, brittle fracture, and defects in welds. Worked 


examples of typical welded designs. 


BRAZING “ sa 
te ial a cet for full details mail coupon below to- 
ber of BRAUER “Quick 
Action” TOGGLE CLAMPS 
types T.C.25 and T.C.80 bein 
a © shenees on 6 SCHOOL OF WELDING TECHNOLOGY 
brazing jig for the production 
of instrument panel frame- 54 PRINCES GATE, LONDON, S.W.7 
works by F. T. Davis (Kings 
Langley) Ltd 

Brauer Clamps are providing 
the accurate and even clamp- 
ing pressures that prevent H 
distortion and enable the Name 
frameworks (see inset photo- i 
graph) to be made to the very Send now for illustrated cata- i Address 
close limits called for. logue and technical data to i 


Dept. 28, F. BRAUER LTD., Harpenden, Herts 
Member of the Cope Allman Group 


Makers of Europe’s largest range of Toggle Clamps | | THE SCHOOL OF WELDING TECHNOLOGY—E3(!) 
FWSs RPS ee A eee ee a ae ere ~ 
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heads and fixtures. 


preferably in research work. 


etc., to: 





RESEARCH & DEVELOPMENT 


WELDING METALLURGIST 


Due to the rapid expansion of the Research and Development effort, 
an interesting vacancy now exists in the Metaliurgical Division of 
the Company’s Laboratories at Heston, Middlesex. The successful 
applicant will join a group concerned with the welding of materials 
for nuclear reactor use, with particular responsibility for the develop- 
ment and application of gas shielded consumable electrode welding. 
The Laboratory is well equipped with modern welding machines, 
power sources and necessary instrumentation. Strong backing is 
given by other groups in instrumentation, mechanical testing and 
metallography and an active design team and prototype construction 
workshop is available for design and manufacture of special welding 


Minimum qualifications are an honours degree or equivalent 
professional qualification and several years’ relevant experience, 


Applications giving full details of age, qualifications, experience, 


The Personnel Manager (Ref.WJ/137) 
ATOMIC POWER CONSTRUCTIONS LIMITED 
P.O. Box 90 
28 THEOBALDS ROAD, W.C.1 





ESAB ir. 


Technical Sales 
Representatives 


The ESAB Group, founded in 1898, 
is a world wide organisation specialis- 
ing in the manufacture of a large range 
of automatic and hand welding 
machines, hand weldiag and automatic 
electrodes, gas cutting machines and 
ancillary equipment, all manufactured 
and marketed under the trade mark 
OK or ESAB. 

Sales of these products are expand- 
ing rapidly but an increased sales force 
is needed particularly for Scotland, 
London and Eastern Counties, to en- 
sure effective coverage of the United 
Kingdom. Training in the particular 
properties of our products will be 
given but some basic knowledge of 
welding or gas cutting is desirable. 
Remuneration by salary and commis- 
sion is good, car and usual expenses 
and non-contributory pension scheme 
once established. 


Application forms are obtainable from 
the Sales Manager, ESAB Ltd., 
Gillingham, Kent. 











GAMMA RAYS 
or 
ULTRASONIC 
inspection 
A firm of Consulting Engineers require 
Inspectors to be based in Surrey and South 


Wales. Applicants should be mobile. 
Please write fully to Box No. 250. 





WELDING ENGINEER 


wanted by Cochran & Co., Annan, 
Ltd. to meet expanding commitments. 

He will be responsible to the 
Works Manager for all welding in 
the factory, training and testing of 
Class | welders and development of 
new techniques. 

Applicants must have up-to-date 
knowledge and experience of all 
modern automatic and hand-welding 
techniques for Carbon, Stainless and 
other alloy steels. 

Housing can be provided and help 
given in removal expenses; super- 
annuation scheme. 

The man appointed will have the 
opportunity to develop in a pro- 
gressive and growing organization. 
Applications with particulars of 
experience to be addressed to: 

The Secretary 
COCHRAN & CO., ANNAN, LTD. 
NEWBIE WORKS, ANNAN 








GHKAN, 


Keen and Nettlefolds 
Group of Companies wish to make the 
following appointment at their Group 
Research Laboratory in Wolverhamp- 


The Guest 


ton 


PHYSICIST 
OR METALLURGIST 


Research activities at the Laboratory 
which serves all the Companies of this 
large Group are expanding and a 
Physicist or Metallurgist is now re- 
quired to control projects in the weld- 
ing field. Candidates should be gradu- 
ates and should preferably have had 
electrical experience. The post requires 
initiative and a capacity for original 
work, 

The Laboratory is modern and well 
equipped for fundamental research 
and development. Salary will be 
attractive. 

Appropriately qualified men are 
invited to apply, stating age, qualifica- 
tions, career to date, and present 
salary, to the Recruitment Officer, 
G.K.N. Group Research Laboratory, 
Birmingham New Road, Lanesfield, 
Wolverhampton. 














OCTOBER, 1960 





WELDERS required for development and 
research work on Metallic Arc Welding. 
Wide practical experience essential, especi- 
ally in pipe welding. Excellent working 
conditions. Apply in writing to Research 
Manager, Murex Welding Processes Ltd., 
Waliham Cross, Herts. 


Welding Foreman required by company 
specializing mainly in the fabrication of 
chemical and oil refinery plant in stainless 
steels and higher Nickel/Chrome Alloys. 
This is a staff appointment for a suitable 
candidate, with contributory life assurance 
and superannuation. Applicant must have 
had wide experience in the use of all methods 
of welding and have held a supervisory post. 
Apply to Works Director, Metal Propellers 
Limited, 74 Purley Way, Croydon. 





CHEMIST OR METALLURGIST with 
University degree or equivalent required 
for Research and Development work on 
Fluxes for metal arc welding. Some experi- 
ence of welding desirable but not essential. 
Excellent working facilities and conditions, 
good salary and prospects. Please apply in 
writing to Research Manager, Murex Weld- 
ing Processes Limited, Hertford Road, 
Waltham Cross, Herts. 





The cost of insertions in this column is 3s. 6d. 
a line, or 30s. per inch depth semi-display. 


Box numbers are added for the additional 
charge of 2s. 6d. Replies should be addressed 
to Box. 000, British Welding Journal. 


All matters relating to classified advertise- 
ments should be addressed to Advertisement 
Department, British Welding Journal, 54 
Princes Gate, Exhibition Road, London 
S.W.7 


Copy should be sent by 6th of cach month 
for publication in the following month. 














CLASSIFIED ADVERTISEMENTS 








BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF 
SERVICE. 
Fully guaranteed sets—-110 amp £25, 180 
amp £45, 250 amp £71, 300 amp £85, 350 
amp £99 10s., 450 amp £135, etc. Also Two- 
operator 180, 250 and 300 amp Models, 
ex stock 


Send for leaflets and booklet from Britain's 
largest electric welding plant stockists 
Cc. G. & W. YOUNG 
ISA COLNE ROAD, TWICKENHAM. 
POP. 5168 











Whether you buy on PRICE 
or SPECIFICATION 


ENTWELD 


Oil-immersed Transformer 
Arcwelders 
are the Best INVESTMENT 


YEARS PROVED 
DEPENDABILITY 


TODAY Rentweld value is 
STILL unsurpassed. 


180 amp sets from 635 
Hire from £15 
for 3 months REDUCING 


ENTWELD LTD., 


94 CAMDEN RD., LONDON 
ING GUL 6006/7'8 N.W.1 


WELDERS FOR HIRE 
MOORE’S PLANT LTD. 


RING TOTTENHAM 040! 


dm ™0107// 





9-ROLL PLATE STRAIGHTENING 
MACHINE BY “HORN & BUIRE” for 
sale. Capacity #". Maximum width ad- 
mitted 61”. Diameter of rollers 6”. Motor 
drive through gearbox with 40 h.p. motor 
for 400/3/50. Weight about 10 tons. F. J. 
Edwards Limited, 359 Euston Road, Lon- 
don, N.W.1 or 41 Water Street, Birmingham 
3 





“CRAIG & DONALD” DEEP GAP 
GUILLOTINE for sale. Capacity 14’ « {” 
Gap 124”. Automatic hold-down and 
gauges. Treadle clutch. Weight approxi- 
mately 11 tons. Motor drive. 440/3/50. 
F. J. Edwards Limited, 359 Euston Road, 
London, N.W.1 or 41 Water Street, Bir- 
mingham 3 


FOR SALE AND HIRE 





SCIAKY TYPE RAMC 2/40 CIRCUM- 
FERENTIAL OR END SEAM PNEU- 
MATIC WELDING MACHINE for sale. 
Specially suitable for welding the ends of 
cylinders of drums and for straight runs. 
Pneumatic electrode pressure. Bottom 
electrode wheel driven in either direction 
with variable speed chain drive. Nominal 
rating 40 KVA. Capacity two thicknesses 
of 18 s.w.g. Welding speed from 2 to 9 ft 
per minute. Depth of throat 143”. Photo 
etc., from F. J. Edwards Limited, 359 
Euston Road, London N.W.1 or 41 Water 
Street, Birmingham 3. 





SERVICES OFFERED 
FACTORY TIME RECORDERS. Rental 
service. Phone: Hop 2239. Time Recorder 
Supply and Maintenance Co. Ltd., 157 
159 Borough High Street, S.E.1. 





Back Issues of British Welding Journal 
required by William Dawson & Sons Ltd., 
16 West Street, Farnham, Surrey. Tele- 


phone: Farnham 4664. 





The following books may be purchased from the 
Institute of Welding 
Handbook for Welding Design—Vol. ! 

45s each plus 1/6 postage 
Index to ‘Transactions’ and ‘‘Welding Research” 
(1939-1953) 25s each plus 1/- postage 
Control of Welding Distortion 

5/- including postage 


Shinhuild 
in 


The use and Welding of Al 





15/- each plus 1/6 postage 











STAINLESS 


We offer in approved grades of Stainless Steel 


% FLANGES MACHINED TO B.S. TABLES 


OR TO SPECIAL SIZES 





B.L.X. Ltd 
Brauer, F., Ltd 


Classified 


Iiford Ltd 


Kodak Ltd 


ADVERTISERS’ INDEX 


Associated Electrical Industries 
Electronic Apparatus Division 
Instrumentation Division 
Transformer Division 


Bennet, H. G. & Co. (Gloves) Ltd 


Brent Chemical Products Ltd 
British Oxygen Gases Ltd 


Cleaver-Hume Press Ltd 33 
Copley Meta! Testing Ltd ; 20 
Darchem Engineering Limited , 14,15 
Distillers Co. Ltd., T s) 
English Electric Co. Ltd 8,9 
Eutectic Welding Alloys Co. Ltd 6 
General Electric Co. Ltd 18 
Hancock & Co. (Engineers) Ltd 12 
Harvey, G. A., & Co. (London) Ltd ! 
Hirst Electronic Ltd. . 


he 


Imperial Chemical Industries Ltd 
Inspection Services Ltd 


3 
Outside back cover 
35.36 

2 


33 


SOLID DRAWN TUBES - FABRICATED PIPES 
ROUND and HEXAGON BAR 


PROFILES CUT TO ANY THICKNESS 
OR SIZE 


CASTINGS TO CUSTOMERS’ SPECIFICATION 
Keen Prices -— Prompt Delivery 


Send enquires to Dept. B.W.J. 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD 
Telephone: 1522/23 











Lincoln Electric Co Ltd 
Manchester Oil Refinery (Sales) Ltd 
Meritus (Barnet) Ltd 

Messer Ltd 

Metal & Pipeline Endurance Ltd. . 
Millspaugh Ltd 

Milne, C. S., & Co. Ltd 

Murex Welding Processes Ltd 
Norton Grinding Wheel Co. Ltd 
Palmer Aero Products Ltd 

Rank Xerox Ltd. 

Research & Control Instruments Ltd 
Robey & Co. Ltd. 

Rockweld Ltd 

Saturn Industrial Gases Ltd 
Siemens-Schukert (Great Britain) Ltd 
Stainless Steel Profile Cutters Ltd. . 
Suffolk Iron Foundry (1920) Ltd 
Ultrasonoscope Co. (London) Ltd 
Wiggin, Henry, & Co. Ltd. . 

Yates Plant Ltd 


Inside back 
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cover 
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CO. WELDING 


PHILIPS 
LEAD AGAIN! 


FASTEST MANUAL ALL-POSITION WELDING! 


twice as fast as heavy-gauge manual electrodes 


All-position welding—from 
overhead through vertical to 
downhand—twice as fast as 
heavy gauge manual electrodes 
—that’s the achievement of this 
revolutionary new Philips CO, 
Welding Mobile Unit. It uses 
ordinary D.C. welding-power 
sources, either rectifier or motor- 
generator. The specially designed 
“easy-on-the-arm” welding gun 
gives perfect balance in the hand, 
and eliminates operator fatigue 
to a minimum. Ask for full 
details. 





PHILIPS 





By courtesy of Watson's Welding Lid. 
OTHER LEADING FEATURES 


Wire-feed and welding current automatically stop Three wire sizes: 0.9 mm. 1.2 mm. 1.6 mm. 

and red warning lamp lights if gas fails. Only the gun contact-tip is changed. 

Wire feed infinitely variable between 6 and Coil holder carries 44 or 56 Ib coils of wire, has 

54 F.p.m. Set by directly calibrated control. adjustable automatic brake. 

Wire controlled during welding by solenoid- * Turntable mounting of wire-feed unit gives up to 

operated pressure roll and adjustabie straightening 20 ft of gun movement. 

device. Low-hydrogen welds of high radiographic quality 
are consistently made. 


Sole distributors in the U_K. 


RESEARCH & CONTROL INSTRUMENTS LTD 


207 KING'S CROSS ROAD, LONDON W.C.1 TELEPHONE: TERMINUS 2877 


Inside back cover 





for accurate, versatile 
oxygen machine cutting— 


] 


Ask any of our 38 branch offices for experienced 


and expert advice on all your cutting problems. 


THE BRITISH OXYGEN COMPANY LTD gy 


SPENCER HOUSE 27 ST. JAMES'S PLACE LONDON S.W.1 








